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NOTICE 


This  report  has  been  prepared  by  the  Air  Force  for  the  purpose  of 
aiding  study  and  research.  It  is  not  to  be  used  for  promotional  or 
advertising  purposes  and  does  not  constitute  an  endorsement  of  any 
product.  The  views  expressed  herein  are  those  of  the  author/reviewer 
and  do  not  necessarily  reflect  the  official  views  of  the  publishing 
agency,  the  United  States  Air  Force  or  the  Department  of  Defense. 
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PREFACE 


This  technical  report  has  been  written  in  two  volumes  due  to  its 
length.  Volume  I  contains  the  basic  discussion,  conclusions,  and 
recommendations.  Volume  II  contains  additional  material,  discussions, 
and  detailed  survey  data  that  have  been  summarized  in  the  discussion 
contained  in  Volume  I.  Volume  II  should  only  be  required  by  those 
agencies/activities  that  require  a  more  complete  technical  discussion 
and  all  collected  raw  data. 

A  preliminary  version  of  this  technical  report,  EHL(K)  72-23 , 
"Preliminary  Report  of  Wastewater  Treatment  and  Disposal,  McGuire  AFB 
and  Ft  Dix  NJ,"  November  1972,  was  previously  distributed.  The 
preliminary  version  was  limited  in  discussion  and  presentation  of  the 
technical  data  which  was  not  available  at  the  time.  This  technical 
report  supersedes  the  preliminary  report  and  no  further  reference  to 
the  preliminary  report  is  required. 
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&tate  of  Neiu  3lrrurij 

DEPARTMENT  OF  ENVIRONMENTAL  PROTECTION 
DIVISION  OF  WATER  RESOURCES 
JOHN  FITCH  ri-AZA.  P.  ©.  BOX  TRENTON.  N.  J.  OOOaB 

\ 

November  22,  1971 

CERTIFIED  MAIL  1 

return  receipt  requested 


Base  Commander 

McGuire  Air  Force  Base,  New  Jersey  08741 


Dear  Sir: 


Re:  McGuire  Air  Force  Rase 
Township  of  New  Hanover 


Reference  is  made  to  Sec.  21(a)  of  the  Federal  Water  Pollution  Control 
Act  which  states  that  “Each  Federal  agency .. .bavins  jurisdiction  over 
any  real  property  or  facility, .. .shall,  consistent  with  the  paramount 
interest  of  the  United  States  as  determined  by  the  President,  insure 
compliance  with  applicable  water  quality  standards  and  the  purposes  of 

this  Act..." 


In  addition,  the  President's  Executive  Order  11507  of  February  4,  1970 
establishes  that  "The  Federal  Government  in  the  design,  operation  and^ 
maintenance  of  its  facilities  shall  provide  leadership  in  the  nationwide 
effort  to  protect  and  enhance  the  quality  of  our  air  and  water 
resources."  Also,  this  Executive  Order  requires  that  necessary  actions 
to  abate  pollution  by  Federal  agencies  be  completed  or  underway  by 
December  31,  1972. 

Since  New  Jersey's  water  quality  standards  have  been  approved  by  the 
U.  S.  Environmental  Protection  Agency,  these  standards  are,  in  fact, 
also  Federal  standards  as  provided  for  under  the  Federal  Water  Pollution 

Control  Act, 


Wc  have  found  that  the  sewage  treatment  facility  serving  the  installation 
under  your  command  is  discharging  an  effluent  in  violation  of  these 
standards  and  also  in  violation  of  R.S.  58:12-2.  There  is  attached,  for 
your  information,  those  New  Jersey  statutes  applicable  in  this  instance. 
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As  a  consequence  of  the  aforesaid,  there  is  enclosed  tor  service  upon 
you  an  Order,  in  duplicate,  made  by  this  Department  pursuant  to  the 
provisions  of  the  recited  statutes. 

Kindly  acknowledge  receipt  of  this  Order  by  affixing  your  signature  and 
date  of  acceptance  on  the  back  of  the  original  and  return  it  to  t.iis 
Department  in  the  enclosed  envelope.  The  duplicate  may  be  retained  by 

you. 


6E5 : G5 
Ends . 

c.c.  *•  honorable  Herbert  J.  Stem 
Honorable  John  N.  Mitchell 
Mr.  Gerald  Hansler 
Delaware  Uivcr  Basin  Commission 
Attorney  General  Kugler 
Deputy  Attorney  General  Steve  Gordon 
Commissioner  Sullivan 

Philadelphia  District  Corps  of  Engineers 
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g>tat?  of  N?iu  Hlrrcry 

DEPARTMENT  OF  ENVIRONMENTAL  PROTECTION 
DIVISION  OF  WATER  RESOURCES 
JOHN  PITCH  PLAZA.  R.  O.  BOX  1300.  TRENTON.  N.  J.  O03ZB 

ORDER 


WHEREAS, 


WHEREAS , 


!  WHEREAS , 


t  t.wi?W?AS . 


.  WHEREAS , 


.  I, 


j  WHEREAS 


The  Hew  Jersey  Department  of  Environmental  Protection  promulgated  the 
"Classification  of  the  Surface  Waters  of  the  Delaware  River  Basi  ,  *  S 

V,S^  of  ?he  5tat«  of  New  Jersey,"  effective  July  26,  1967;  and 

T!,e  New  Jersey  Department  of  Environmental  Protection  promulgated  "Regu- 
l--io'j'  Concerning  Treatment  of  Wastewaters,  Domestic  nnd  Industrial, 
Se^arJoS  or  S  Combination,  Discharged  into  the  Waters  of  the  Delaware 
lUver  Basin,  being  Waters  of  the  State  of  New  Jersey,  e  ec"  ve 
November  17 >  19^7  i 

The  Now  Jersey  Deportment  of  Environmental  Protection  promulgated  "Buies 
„a  Regulations  Establishing  Surface  Water  Quality  Criteria,'  effective  - 

Juno  30,  1971;  and 

on  July  26.  1971  the  Water  Quality  Standards  of  the  State^of  New  Jersey 

wore  approved,  in  their  entirety,  hy  the  u.  S.  miroomcnW  nOuCu . 

Agency  pursuant  to  Section  19  (c)(3)  of  the  Federal  Water  Pollution 

Control  Act;  and 

The  New  Jerscv  Department  of  Environmental  Protection  has  found  through 
Jn^itliratioM  made  hy  its  representatives  that  the  sewage  treatment  -plant 

SS  s~ 

:rr: 

plSt  is  discharged  into  South  Run,  e  tributary  of  CrosswleKs 
in  violation  of  R®S»  58*  12—2^  and 

Jorse^Dcportmcnt  of  Environmental  Protection;  therefore  . 
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NOTICE 


:I3  cm*  *  -  ,r  rs rrrzsfi 

^  %Z^u^lZX2Tor 

Base,  in  the  Township  of  Hew  llano  ?9>  1972,  cease  the  dio- 

.  charccrofyi^opeSy,  inadequately  of*  thi  Estate  in 

°f  EnVirOnmCRt01  Vr0teCUOn 

and 


NOTICE 


and 

IS  FURTHER  GIVEN  *y  th.  *f 

suoh  oltcrationc  ,  addition*  or  soverwo  plan  far  the  County 

rBurSn^^a^"  M  ^  °f 

Protection. 


NEW  JERSEY  DEPARTMENT  OP  ENVIRONMENTAL  PROTECTION 


(-■ 


Charles  M.  Pike  _ 
Director 


Dated:  November  22,  1971 
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DEPARTMENT  OF  THE  AIR  FORCE 

USAF  DISPENSARY,  McGUIRE 
M<GUIRE  AIR  FORCE  BASE,  NEW  JERSEY  0864) 


aVino/  SGPM/ILt  Jandruclco/2693  $  DEC  B71 

suhji ■  i  .  Wa ter  Pol  1  ut ion  Abatement  S  ur ve  y 


.o  MAC  (MAASGP) 

Attn :  Maj  Jones 

1.  Request  that  qualified  personnel  from  the  Regional  Environ¬ 
mental  Health  Laboratory  (Kelly  AFB)  be  placed  on  TDY  to  the 

USAF  Dispensary  McGuire,  McGuire  AFB,  N.  J.,  to  provide  assistance 
in  water  pollution  abatement  program. 

2.  Purpose  of  this  request  is  to  ascertain  the  quality  of  treat¬ 
ment  now  provided  by  the  McGuire  AFB  Sewage  Treatment  Facility, 
to  determine  the  sources  and  the  type  of  industrial  waste  not 
presently  or  adequately  being  treated,  and  to  follow  up  on 
recommendation  made  in  Water  Pollution  Survey,  McGuire  AFB,  N.  J., 
January  1968,  REHL  (K)  68-1,  as  to  their  effectiveness. 


3.  This  requirement  is  necessitated  by  a  cease  and  desist  order 
(see  Atch  1)  served  on  McGuire  AFB  by  the  State  of  New  Jersey, 
Department  of  Environmental  Protection,  Division  of  Water  Resources 
It  is  our  hope  that  information  gained  from  this  assistance  survey 
will  lend  insight  into  the  nature  of  our  alleged  violation  of 
the  New  Jersey's  water  quality  standards. 


GLENN  R.  GRAVES,  Capt ,  USAF  MC  FS 
Director  Base  Medical  Services 


1  Atch 

Cy  ltr,  22  Nov  71 
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HEPLY  to 

ATTN  OF: 

6UQJLCT: 

fO: 


SGP 


DEPARTMENT  OF  THE  AIR  FORCE 

HEADQUARTERS  AIR  FORCE  LOGISTICS  COMMAND 
WRIGHT-PATTERSON  AIR  FORCE  BASE.  OHIO  4S433 


23  December  1971 


Water  Pollution  Survey,  McGuire  AFB  NJ 


USAF  Environmental  Health  Laboratory,  Kelly 

The  attached  request  from  McGuire  AFB  NJ  to  evaluate  the  efficacy  of 
treatment  provided  by  the  sewage  treatement  facility  for  domestic  and 
industrial  liquid  waste  is  forwarded  for  your  action. 


FOP,  THE  COMMANDER  j 

DONALD  D.  HIGGINS / Lt  Col,  USAF,  BSC 
Chief,  Bioenvironmental  Engineering  Division 
Office  of  the  Surgeon 


1  Atch 

USAF  Disp,  McGuire/SGPM 
Ltr,  9  Dec  71/w  1  atch 
w/lst  Ind  MAC/SGPE  20  Dec 


Cy  to:  MAC/SGPE 

USAF  Disp,  McGuire/ 
SGP.M 


cc 


APR  7  1972 


Trip  Report  -  McGuire  AFB  NJ  08641 


Commander,  USAF  Euv  Health  Lafc/CC,  Kelly  AI'B  12  78241 
AFLC/SGr'E,Uright-Pattereon  AFB  OB  45432 
IN  TURK 

1.  Place:  McGuire  AFB  NJ  08641,  (MAFB)  EPA  Region  II  Conference,  NYC. 

2.  Inclusive  Dates  of  Travel:  27  Feb  ~  2  Mar  1972,  McGuire  AFB  NJ  0S641. 

2  Kar  -  3  Mar  1972,  New  York  City. 

3.  Persona  Making  Trip:  Captain  J.  Tremblay,  U.t  N.  Iamb. 

4.  Primary  Mode  of  Transportation:  Commercial  A.ir, 

5.  Purpose  of  Trip:  To  conduct  &  preliminary  survey  of  McGuire  AFB  NJ 
to  determine  the  need  for  and  scope  of  future  water  pollution  abatement 
efforts.^  To  attend  a  conference  of  representatives  from  federal  facilities 
located  in  Region  II,  Environmental  Protection  Agency  (EPA)  and  discuss 
environmental  issues  with  the  Region  II,  EPA’s  newly  established  Federal 
Facilities  Branch. 

6.  Persons  Contacted:  (See  Attachment.) 

7.  Observations  and  Findings: 

A.  Background 

(1)  Earlier  Study.  In  1967  an  industrial  waste  survey  of  MAFB 
was  conducted  by  the  EliL-K.  Sources  of  untreated  industrial  waste  dis¬ 
charges  were  identified  and  corrective  actions  were  recommended.  Many 
major  recommendations  were  accomplished,  and  most  known  untreated 
industrial  waste  discharges  were  diverted  into  the  base’s  domestic 
sewage  plant. 

(2)  Receiving  Stream  Standards 

a.  The  receiving  stream  for  the  Ft  Dix  and  MAFB  secondary 
sewage  effluents  is  South  Run  which  drains  into  Crosswicks  Creek  and 
t  ience  into  the  Delaware  River.  South  Run  has  been  classified  by  New 
Jersey  Dept,  of  Environmental  Protection  (NJDKP)  as  non-trout  FW-2  waters 
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according  eo  a  recent  report.  (Reference  Alexander  Potter  Assoc. 
"Study  of  Sewage  Treatment  Facilities  (Tertiary  Treatment),  Fort  Dix 
and  McGuire  AFB,"  U.  S.  Army  Corps  of  Engineers,  New  York,  January 
1972.) 


b.  In  June  1970  a  NJ  State  representative  indicated  that 
the  McGuire  and  Ft  Dix  treatment  plants  chould  provide  90  percent  BOD 
removal  with  an  effluent  value  never  exceeding  25  mg/1. 


c.  On  26  July  1971  NJDEP's  latest  water  quality  standards 
of  30  June  1971  were  approved  by  EPA  in  accordance  with  the  Federal 
Water  Pollution  Control  Act.  The  only  substantive  changes  in  criteria 
for  non-trout  FW-2  waters  pertained  to  minimum  dissolved  oxygen  content 
requirements,  temperature  limits,  bacteriological  quality  and  radio¬ 
activity  limits.  The  minimum  daily  average  of  dissolved  oxygen  is  now 
5.0  mg./l  and  not  leas  than  4.0  mg./l  at  any  time,  vice  the  minimum  average 
of  4.0  Mg/1. 


(3)  NJ  State  Cease  and  Desist  Order 


a.  On  22  November  1971  the  NJDEP  issued  an  order  to  McGuire 
aF3  to  "...  prior  to  February  29,  1972,  cease  tha  discharge  of  improperly, 
inadequately  and  insufficiently  treated  sewage..."  from  the  base's  sewage 
treatment  facility.  This  order  alleged  that  the  MAFB  sewage  treatment 
plant  is  inadequate  to  properly  treat  and  dispose  of  sewage  in  accordance 
with  the  State's  water  quality  standards.  Similar  orders  were  issued  to 
Ft  Dix  as  well  as  seven  other  federal  installations  located  in  the  state 
of  New  Jersey. 


b.  With  the  exception  of  the  McGuire/Dix  complex,  it  appears 
that  the  State  will  be  satisfied  with  agreements  from  the  other  seven 
insta.llations  to  join  civil-military  regional  waste  treatment  systems. 

Tire  State's  attitude  is  that  such  a  scheme  is  not  feasible  for  McGuire/Dix 
since  their  bases  are  the  bulk  of  the  sewered  population  in  the  area. 

c.  Both  Ft  Dix  and  MAFB  are  operating  secondary  sewage 
treatment  plants  producing  a  high  quality  effluent  near  design  efficiency. 
Both  Dix/MAFB  plants  combined  currently  discharge  approximately  900  pounds 
par  day  (lb/day) *of  5-day  Biochemical  Oxygen  Demand  (BOD^)  to  South  Run. 
However,  the  State  authorities  have  stated  that  this  discharge  overwhelms 
the  stream '8  assimilative  capacity  by  a  factor  of  at  least  10  times.  Tha 
State  evidently  estimates  that  South  Run  can  assimilate  50  to  100  lb/day 
BOD5.  The  NJDEP  has  suggested  that  a  combined  advanced  waste  treatment 
facility  for  the  McGuire/Dix  complex  may  solve  the  quality/quantity  problem 
of  treated  wastes  into  South  Run. 

d.  A  consulting  engineers  study  of  advanced  waste  treatment 
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for  tne  McGuire /Dix  complex  was  released  in  January  1972.  The  object  of 
this  study  was  to  evaluate  alternative  methods  of  providing  tertiary 
treatment  which  would  remove,  as  a  minimum  93  percent  of  the  BOD^, 
phosphates  and  trace  heavy  metals.  This  study  recommended  a  tertiary 
treatment  p^ant  located  at  Ft  Dix  to  treat  the  combined  secondary  effluents 
from  both  MAFB  and  Ft  Dix  at  an  estimated  capital  investment  of  $C.3-miilioa* 

1_*  A  review  of  State  water  qualiry  standards  revealed 
that  no  specific  requirement  for  phosphate  removal  currently  exists.  A 
significant  part  of  the  advanced  treatment  facilities  recommended  in  the 
study  was  for  phosphate  removal.  The  requirement  for  phosphate  removal 
appears  to  have  first  been  voiced  by  EPA  (Boston)  officials  (Reference 
Federal  Water  Pollution  Control  Administration,  Northeast  Region,  Boston, 

Mass .  letter,  to  U.S.  Army  Corps  of  Engineers,  NY  District  Engineer,  dated 
30  July  1970,  RE:  "Fort— Dix  -  McGuire  Tertiary  Treatment  Study.1*) 

JL*  According  to  the  study,  Alexander-Potter ,  the  loading 
ox  the  combiner  discharge  from  the  Dix/MAFB  advanced  treatment  facility 
would  be  approximately  380  Ib/day  B0D5.  No  doubt,  the  State  authorities 
will  still  consider  this  discharge  to  South  Run  excessive  and  in  violation 
of  State  standards. 

r  E.  Preliminary  Survey  Findings: 

(1)  McGuire  AFB  Sewage  Treatment:  Plant! 

a.  This  plant  has  a  rated  capacity  of  1.25  MGD.  A  review 
of  plant  operating  logs  for  a  one  year  period  ending  Aug  1971  revealed 
that  the  mean  daily  flow  (averaged  1.5  MGD)  exceeded  the  plant's  rated 
capacity  more  than  60  percent  of  the  time.  The  plant's  flow  metering 
device  has  been  inoperative  for  several  months.  Entries  in  plant  operating 
logs  sxnce  August  1970  have  reflected  continuing  problems  with  this  flow 
measuring  device. 


b.  The  plant's  monthly  average  BOD^  removal  efficiency  has, 
according  to  plant  logs,  ranged  from  87  to  90  percent  and  for  suspended 
solids  -  86  to  90  percent  removal.  An  analysis  of  plant  logs  for  a  recent 
12— month  period  revealed  that  the  plant's  effluent  has  been  meeting  the 
State  s  effluent  quality  standard  of  25  mg/1  BOD^  approximately  80  percent 
of  the  time.  Worthy  of  note  is  that  the  effluent  BOD^  concentration  was 
less  than  30  mg/1  95  percent  of  the  time,  and  less  than  37  mg/1  98  percent 
of  the  time.  The  mean  daily  effluent  BOD^  for  this  12-month  period  was 
22  mg/1,  while  the  mean  daily  effluent  suspended  solids  (SS)  concentration 
v/as  22  mg/1.  The  daily  SS  concentration  was  less  than  32  mg/1  98  percent 
of  the  time. 


c.  Discussions  with  plant  operators  revealed  that  the 
anaerobic  sludge  digesters  have  not  been  producing  methane  for  several 
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months,  since  the  breakdown  of  a  gas  recirculation  system.  Green, 
undigested  sludge  has  been  drawn  regularly  from  the  digesters,  producing 
an  obnoxious  odor  problem.  Additionally,  sludge  drying  bed  underdrain3 
clog  and  prolongs  the  sludge  drying  process. 

d.  Solids  carry  over  from  both  primary  and  secondary 
clarifiers  was  evident  during  two  visits  to  the  plant.  Small  grease 
balls  were  overflowing  the  clarifier  v/cirs  and  collecting  in  the  chlorine 
contact  chamber.  Evidence  of  septic  sludge  deposits  in  the  chlorine 
contact  chamber  was  also  noted.  This  problem  most  likely  results  from 
hydraulic  overloading  of  the  primary  and  secondary  clarifiers.  Plant 
operators  commented  that  the  clarifier  overflow  weirs  are  frequently 
inundated  during  peak  flow  periods. 

e.  MAFB  currently  has  programmed  an  expansion  of  the 
existing  sewage  plant  to  accommodate  the  additional  flow  generated  by 
250  more  military  family  housing  units  proposed  for  FY  1973,  and  for 
upgrading  of  the  sewage  plant  to  treat  present  flows  (projected  design 
capacity  -  1.9  MGD) . 

•> 

(2)  Fort  Dix  Sewage  Treatment  Plant 

a.  A  Brief  tour  of  this  facility  was  made.  This  facility 

is  a  high-rate  trickling  filter  plant  and  has  a  rated  capacity  of  3.0  MGD. 
An  older  standard-rate,  fixed  nozzle  biofiltration  plant  provides  treat¬ 
ment  for  about  20  percent  of  the  total  daily  flow.  Plant  records  showed 
that  the  average  daily  flow  through  both  plants  was  A. 2  MGD. 

b.  Operating  logs  were  available  only  on  the  newer,  high- 
rate  trickling  filter  plant.  A  review  of  monthly  logs  revealed  that 
this  plant  was  producing  a  high  quality  secondary  effluent,  the  monthly 
average  BOD5  removal  ranged  from  82  to  91  percent.  The  older  plant, 
however,  is  suspected  of  providing  lower  efficiencies,  primarily  because 
of  its  intermittent  loading. 

c.  A  concept  design  wa3  completed  in  January  1971  to  abandon 
the  old  fixed  nozzle  biofilter  and  expand  the  remaining  facility  to 
accommodate  an  average  hydraulic  loading  of  5.0  MGD.  These  modifications 
to  the  Dix  sewage  plant  are  scheduled  to  begin  during  the  summer  of  1972. 

(3)  Untreated  Waste  Discharges  (MAFB) 

a.  South  Run  was  observed  through  MAFB.  There  were  numerous 
indications  of  untreated  x^aste  discharges  into  the  stream.  Oil  slicks 
were  ever  present,  and  solvent  and  grease  odor3  were  noted  in  several  storm 
drain  outfalls  to  the  stream.  Solvent  and  paint  odors  were  very  noticeable 
in  the  storm  sewer  flow  draining  the  2300,  2A00,  3000,  and  3100  areas. 
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b.  The  oil  separators  at  the  two  aircraft  vashracks 
(Bldgs  2227  and  1824)  were  found  to'  be  in  a  poor  repair.  Recent  problems 
with  a  scavanger  service  contract  have  resulted  in  poor  conditions  at 
these  two  sites. 


c.  Indications  of  frequent  fuel  spills  around  the  fuel  tinker 
maintenance  area  (Bldg  3206)  were  apparent.  Surface  runoff  from  this  area 
would  no  doubt  causa  unsightly  oil  slicks  in  nearby  streams. 

d.  Evidence  was  found  of  numerous  vehicle  equipment  washracks 
located  throughout  the  base.  Was'ning3  from  these  areas  contain  oils,  greases 
and  detergents .  These  contaminants  find  their  way  into  the  base  storm  sower* 
and  ultimately  into  ono  of  the  two  main  surface  drainage  creck3  on  MAFB. 

e.  A  comprehensive  source  survey  of  all  base  industrial 
wastewater  discharges  has  been  initiated  by  the  Ease  Bioenvironmental 
Engineer.  This  survey  should  serve  to  identify  the  sources  of  untreated 
discharges  as  well  as  to  document  the  volumes  and  types  of  industrial 
waste  discharges  to  the  sanitary  sewer  and  those  wastes  disposed  of  through 
R  &  M. 


(4)  Receiving  Water  Observations 

a.  On  29  February  1972  the  stream  course  of  South  Pain  was 
followed  from  above  the  Ft  Dix  treatment  plant  to  the  confluence  with 
Croscwicxs  Creek.  South  Run  is  a  small  stream;  normal  flow  above  the 

Ft  Dix  plant  outfall  is  probably  less  than  0.5  MGD.  The  entire  course  of 
South  Run  is  shallow  and  fast  flowing  with  sandy  sediments.  There  is 
ample  opportunity  for  reaeration  of  the  stream.  The  visual  impact  of  the  Ft 
Dix  —  McGuire  complex  was  that  oils  and  greases  overwhelmed  South  Run  and 
caused  discoloration  and  odor3  at  the  confluence  with  Crosswicks  Creek. 

Sroall  fish  (killifish  family*  Cyprinodontidaa)  were  observed  upstream  of 
the  Ft  Dix  plant.  Ho  fish  were  observed  anywhere  on  South  Run  downstream 
cf  Ft  Dix.  Sludge  worms  were  found  in  the  sediments  at  several  points 
downstream  of  Ft  Dix  before  the  McGuire  ST?  outfall.  The  previous  E1IL(K) 
study  did  not  assess  South  Run's  biological  conditions.  The  quality  of 
the  receiving  waters  must  be  determined  by  biological  parameters  prior  to 
discussing  assimilative  capacities. 

b.  The  oils,  detergents*  and  other  materials  in  the  water 
apparently  are  toxic  and  are  suppressing  algal  growths  and  aquatic  biota. 

A  t no rough  evaluation  of  the  stream  oxygen  curves  and  other  chemical 
parameters  as  well  as  sampling  of  algae  (plankton  and  periphyton) *  aquatic 
invertebrates ,  endemic  fish  and  in  situ  bioassays  using  test  fish  are 
needed  to  define  South  Ilian's  biological  quality. 

c.  To  determine  the  assimilative  capacity  of  South  Run  and 
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Crosswicks  Creek,  a  clear  definition  of  the  quality  of  unpolluted  area 
streams  is  necessary.  Preliminary  observations  revealted  that  analyses 
of  Jumping  Brook  and  other  email  streams  near  Brindle  Lake  should 
provide  these  background  data. 

(5)  Advanced  Waste  Treatment  Program 

a.  A  conference  among  MAFB,  Ft  Dix  and  Region  II,  EPA 
engineers  was  held  on  23  March  1972.  The  McGuire  -  Ft  Dix  engineers  are 
programming  for  FY  72  construction  of  the  advanced  waste  treatment  plant 
at  McGuire.  The  plant's  effluent  is  to  be  discharged  into  Crosswicks 
Creek  below  Oakford  Lake  in  New  Egypt,  NJ.  This  programming  is  to  include 
the  provisions  for  phosphate  removal.  However,  the  EPA  is  to  establish 
with  the  State  authorities  whether  phosphate  removal  is  necessarily  a 
requirement  for  discharge  to  the  South  Run  or  to  Crosswicks  below  Oakford 
Lake.  If  phosphate  removal  is  not  a  valid  requirement,  then  the  phospnate 
removal  unit  processes  could  be  deleted  from  the  proposed  tertiary  system. 

b.  Discussions  with  the  Region  II,  EPA  Federal  Facilities 
Branch  resulted  in  the  EPA  agreeing  to  determine  exactly  what  the  NJ 
State  requirements  are  for  the  MAFB  -  Ft  Dix  complex.  The  State  is 
reportedly  finishing  work  on  a  water  basin  plan  covering  this  region. 

The  EPA  Region  II  plans  to  review  this  plan  in  the  coming  weeks.  EPA 
Region  II  Federal  Facilities  Branch  representatives  have  agreed  to 
advise  Ft  Dix  -  MAFB  authorities  of  any  significant  developments  from 
discussions  V7ith  State  authorities. 

(6)  Pesticide  Programs:  McGuire  AFB  is  a  principal  port  for 
overseas  flights.  Rapid  movement  of  military  personnel  and  cargo  results 
in  the  possibility  of  introducing  agricultural  pests.  The  problems  are 
serious  enough  to  warrant  stiff  quarantine  laws  and  chemical  control 
programs  to  eliminate  known  pest3,  and  to  prevent  possible  infestations 
of  them.  Many  pesticides  have  been  used  routinely  and  repeatedly  over 
long  periods.  Many  of  these  compounds  are  persistent  and  cumulative 

in  the  environment.  An  environmental  pesticide  monitoring  program  is 
advocated  and  will  be  outlined  elsewhere  for  base  personnel. 

3.  Recommendations: 

A.  The  Special  Projects  Division  of  the  USAF  Environmental  Health 
Laboratory  (EUL)  should  accomplish  a  field  study  at  MAFB,  tentatively 
planned  for  11  -  23  June  1972.  The  basic  objectives  of  this  study 
should  include: 

<1)  Establishing  baseline  data  documenting  the  present  physical, 
chemical  and  biological  characteristics  of  the  receiving  waters. 

(2)  Evaluating  present  loading  and  treatment  efficiencies  for 
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both  McGuire  AFB  and  Ft  Dix  sewage  treatment  plants. 

(3)  Determinating  assimilative  capacity  of  waters  receiving 
the  treated  effluents. 

(A)  Proposing  performance  specif icaticna  for  both  MAFB  and  Ft  Dix 
sewage  treatment  plants  to  comply  with  New  Jersey  State  water  quality 
standards . 

(3)  Evaluating  the  impact  of  diverting  untreated  industrial 
v?aste  discharges  from  the  receiving  streams  to  the  existing  and  propose, 
treatment  facilities  following  necessary  pre-treatment. 


B  The  F.HLK  should  coordinate  this  survey  with  New  Jersey  State 
authorities  through  Region  II,  EPA,  as  necessary  to  insure  Ft  Dix  -  MA*B 
compliance  with  present  State  pollution  control  requirements.  Active 
participation  by  the  State  in  this  survey  is  strongly  recommenced  so  th<*t 
% the  survey  results  could  be  used  by  the  State  to  develop  and  justify  water 
quality  standards  and  concomitant  plant  performance  specifications  for 
both  Ft  Dix  and  MAFB  discharges. 


C.  The  MAFB  authorities  should  coordinate  all  aspects  of  the  June 
field  survey  with  Ft  Dix  authorities.  All  sources  of  untreated  waste- 
water  discharges  from  Ft  Dix  should  be  identified  prior  to  the  June 
survey . 

D.  The  Base  Bioenvironmental  Engineer  should  accomplish  the: 


(1)  Industrial  waste  source  inventory  for  MAFB  as  outlined  during 
the  preliminary  survey.  Particular  attention  should  be  given  to  immediately 
eliminating  or  relocating  any  non-essential  washrack  activities  that  do  : not 
have  adequate  wastewater  pre-treatment  and  sufficient  controls  for  discharge 
of  wastes  to  the  sauitary  sewer. 


(2)  Sampling  of  stream  sediments  and  base  wells  for  pesticide 
residues  as  outlined  during  the  preliminary  survey. 


E.  MAFB  authorities  should  repair  and  calibrate  the  flow  meter  ac 
fche  base  sewage  treatment  plant  prior  to  the.  field  survey  in  June. 


F.  An  operation  plan  will  soon  be  prepared  by  EHL  outlining  the  scope 
of  the  June  field  survey,  defining  the  study’s  purpose  and  objectives,  and 
outlining  the  coordination  and  support  requirements. 

/  ^ 
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JAMES  W.  TREMBLAY,  Captain,  USAF ,  BSC 
Project  Engineer 


1  Atch 

.  List  of  Persons  Contacted 


Cy  to:  \jSAF  Env  Health  Lab/CC 
McClellan  AFB  CA  93632 

Base  Med  Officer 
McGuire  AFB  NJ  086A1 
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Personnel  Contacted 
EEL  Preliminary  Visit-MAFB  NJ 
Special  Project  72-1,  Feb-Mar  1972 


A.  McGuire  AFB,  Port  Dix  Personnel: 

Col  J.  E.  Perklnson,  MAFB  Civil  Engineer 
Lt  Col  A.  Townsend,  MAF B  Surgeon 

Capt  D.  Abraham,  MAFB,  Chief  Military  Public  Health 
lLt  R.  Jandrucko,  MAFB,  Bioenvlronmantal  Engineer 
Lt  Col  A.  Blaylock,  Ft  Dix  Post  Engineer 
Mr.  E.  Porr,  MAFB,  Civil  Engineering  (DEE) 

Mr.  E.  Dion,  MAFB,  Civil  Engineering  (DEEE) 

Mr.  J.  Zebrowski,  MAFB,  Civil  Engineering  (DEEE) 

Mr.  E.  Kirschner,  MAFB,  Civil  Engineering  (DEPD) 

Mr.  E.  Herndon,  Ft  Dix,  Chief  Engineer 
Mr.  T.  Scott,  Ft  Dix,  Sewage  Plant  Foreman 
TSgt  A.  Jones,  MAFB,  Sewage  Plant  Foreman 
Mr.  R.  Gervasoni,  MAFB,  Entomology  Foreman 

B.  EPA,  Region  II  Conference,  NYC 

Kv,  John  Chase.  EPA,  Office  of  Federal  Activities,  Washington,  DC 
Mr.  liarvey  Falk,  OSD,  Washington,  DC 

Mr.  Harry  Ike,  EPA,  Region  II,  Federal  Facilities  Br,  Edison,  NJ 
Mr,  Ed  Ernstrom,  EPA,  Region  II,  Edison,  NJ 
Mr.  F.  Oliva,  NY  Dist.  Army  Corps  of  Engr,  Project  Engineer 
Mr.  R.  Maw’nrnaey,  NY  Dist.  Army  Corps  of  Engr 
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TO: 


DEPARTMENT  OF  THE  AIR  FORCE 

USAI:  ENVIRONMENTAL  HEALTH  LABORATORY  (AFLC) 
KELLY  A!R  FORCE  BASE.  TEXAS  70241 


Vi!  £  J  ; 

VV  V>v' 


nm.Y  to 

ATTN  OF:  QQ 


5  June  1972 

subject:  Trip  Report  -  McGuire  AFB  NJ  -  Special  Project  72-1 


Commander ,  USAF  F.n”  Health  Lab/CC,  Kelly  AFB  TX  78241 
AFLC/SGPE,  Wright-Patterson  AFB  OH  45433 

1,  Place:  McGuire  AFB  NJ . 

2.  Inclusive  Bates  of  Travel:  23-26  May  1972. 

3.  Persons  Making  Trip:  LtCol  Albert  M.  Elliott  A  Capt  James  W.  Tremblay. 

4,  Primary  Mode,  of  Transportation:  Commercial  Air. 

5  purpose  of  Trip:  To  provide  technical  assistance  to  McGuire  AFB  and 
Vnrt  nix  authorities  in  discussions  with  the  New  Jersey  Department  o 
Environmental  Protection  (NJDEP )  and  Region  II,  Environmental  Protection 

Agency  (EPA) • 

6*  Persons  Contacted:  (See  Attachment), 

7.  Observations  and  Findings: 

a  Background:  (See  EHL./K  Trip  Report-McGuire  AFB  NJ,  dtd  7  Apr  72)- 
Following& the  preliminary  survey  to  MAFB  in  March  1972  the  EHL/K  recommended 
to  Hq  USAF  that  the  legal  embargo  on  technical  discussions 
,  On  14  Anril  1972.  permission  was  granted  by  U.  S.  Attorney,  Ncwa . 

J  touVnCAFto  conduct  technical  dialogue  among  all  interested  parties  at 
S  M«y  1972!  (Re£e«n«  CSAF  MsS,  PKV  15,  .«bj«  "McCuira  Casse/Dcsist 
Order,"  dtg  Q51727Z  May  72).  Preliminary  discussions  among  BOD  agencies  we  . 
held  at  MAFB  on  24  May  1972,  and  a  technical  conference  including  NJDEP  an 
dr  “  tablves  «L  conducted  on  26  May  1972  Detailed  minute,  of  both 
“ya'  discussions  are  to  bo  prepared  by  MAFB  authorities  and  distributed  to 
all  attendees. 

h  Armv/Air  Force  Discussions  -  24  May:  Technical  background  materials 
conce-ni^TthTNJDEP  administrltive  orders  were  reviewed,  and  DOD  chief  lega 
counsel’s  guidance  for  technical  discussions  with  non-DOD  agencies  was  criti 
cried.  Alternative  courses  of  action  were  developed;  specific  questions  foi 
the  NJDEP  representatives  were  formulated;  and  a  single  Army /Air  Force  spot  . 
man  was  selected  for  the  following  day’s  conference. 
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c.  Armv/Air  Force,  EPA,  NJDEP  Discussions  -  25  May:  Introductory  comments 
were  made  by  EPA,  NJDEP  and  DOD  representatives.  The  technical,  non-legal 
character  of  the  discussions  was  stressed  from  the  outset.  All  attendees 
agreed  that  the  conference  objectives  were  to  arrive  at  a  set  of  future  viable 
alternative  courses  of  action  and  to  define  as  clearly  as  possible  what 
additional  supportive  studies  will  be  required  t:o  properly  consider  these 
viable  alternatives.  Following  detailed  discussions  of  a  number  of  overall 
water  quality  management  schemes,  it  was  agreed  that: 

1.  The  DIX/MAFC  engineers  will  investigate  the  feasibility  of  entering 
into  one  of  the  three  known  regional  wastewater  treatment  plans  (North  Burlington 
County,  Ocean  County  and  Oakford  Lake  plans). 

2.  Concurrently  with  the  above  investigation  the  Army /Air  Force  is 

to  study  a  total  water  quality  management  concept  for  the  DIX/MAFB  complex  from  * 
an  economic,  technical  and  environmental  viewpoint. 

d.  Post. -Conference  Discussions  -  Dix/HAFB/EPA-25  May:  The  Ft.  Dix  re¬ 
presentatives  indicated  that  they  were  going  to  request  guidance/assistance 
from  1st  Army  Headquarters  to  support  any  required  field  investigations. 

The  EPA  representative  indicated  that  in-field  laboratory  assistance  could  be 
arranged  with  the  EPA’s  Edison  Laboratory.  At  the  request  of  the  Ft.  Dix  and 
MAFB  representatives  the  EHL/K  will  coordinate  all  field  investigations  re¬ 
quired  to  support  the  various  water  quality  management  schemes  identified 
as  viable  alternatives* 

8 .  Recommendations : 

a.  The  Special  Projects  Division  of  the  EHL/K  should  coordinate  all 
necessary  field  studies  among  DOD,  EPA,  NJDEP  agencies  to  support  the  follow¬ 
ing  alternative  water  quality  management  schemes: 

1.  Separate  detention  basins  for  later  discharge  of  stabilized 
secondary  effluent  to  surface  water  courses  at  higher  natural  stream  flows. 

2.  Ground  water  renovation  by  spray  irrigation,  overland  runoff  or 

rapid  infiltration.  i 

3.  Water  quality  management  of  South  Run  (present  receiving  waters) 

by  providing  an  engineered  system  of  flow  regulation  and  selective  reclamation/  * 
reuse  of  stabilized  wastewater. 

4.  Low-flow  augmentation  of  receiving  waters. 

5.  Discharge  of  treated  wastewater  effluents  to  other  surface  water 

courses. 
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b.  The  objectives  of  any  field  studies  should  include  the  development  of 
performance  specifications  as  required  by  current  directives  (Executive  Order 
11507,  DOD  Directive  5100.50  and  USA/USAF  implementing  directives).  These 
specifications  should,  as  a  minimum,  provide  for  conformance  with  all  appli¬ 
cable  water  quality  standards  and  should  be  developed  in  consultation  with 
NJDEP  and  EPA  authorities.  (Reference  para  5.b.(2)(f),  APR  19-1,  "Protection 
and  Enhancement  of  Environmental  Quality,"  18  Feb  72). 

c.  Available  climatological  data  indicate  that  late  summer/early  fall 
would  be  the  best  time  for  lower  flow  conditions  in  surface  water  courses. 
Pre-survey  planning  and  coordinating  among  all  concerned  agencies  will  be 
required,  and  optimum  weather  conditions  for  field  studies  suggest  that 
late  August  to  early  October  be  tentatively  established  as  a  target  date  for 
accomplishing  any  required  field  investigations. 


Cy  to: 

TJSAF  Env  Health  Lab/CC 
McClellan  AFB  CA  95652 
Base  Medical  Officer 
McGuire  AFB  NJ  08641 
Base  Civil  Engineer 
McGuire  AFB  NJ  08641 
Chief,  Facilities  Engineer 
Fort  Dix  NJ  08640 
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PERSONNEL  CONTACTED 


EHL/K  Visit  to  MAFB  NO 
Special  Project  72-1,  May  1972 


Col  Wigley,  438  MAW,  Vice  Commander 

Col  Perkinson,  MAFB,  Civil  Engineer 

LtCol  Townsend,  MAFB  Surgeon 

LtCol  Blaylock,  Ft  Dix  Post  Engineer 

Maj  K1 ingenberger,  MAFB  Civil  Engineering 

1st  Lt  Jandrucko,  MAFB  Bioenvironmental  Engineer 

Mr  Segal,  Hq  US  Air  Force,  Wash  DC  (PREV) 

Mr  Nixon,  Hq  Military  Airlift  Command,  Scott  AFB  IL  (DEMP) 
Mr  Ike,  Region  II,  Env  Prot  Agency,  Chief  Fed.  Fac.  Br. 

Mr  Mansfield,  Region  II,  Env.  Prot.  Agency,  Fed.  Fac,  Br. 
Mr  G1 all  el  la,  N.J.  Dept  of  Env  Protection  (DEP) 

Mr  Kausbik,  N.J.  DEP 

Mr  Binder,  N.J.  DEP 

Mr  Herndon,  Ft  Dix  Post  Engineering 

Mr  Petri  no.  Ft  Dix  Post  Engineering 

Mr  Porr,  MAFB  Civil  Engineering 

Mr  Zebrowski,  MAFB  Civil  Engineering 

Mr  Manning,  Delaware  River  Basin  Commission 

Mr  Bloom,  North  Atlantic  District  Army  Corps  of  Engineers 

Mr  Grippi,  Alexander-Potter  consulting  Engineers 


DEPARTMENT  OF  THE  AIR  FORCE 

USAF  ENVIRONMENTAL  HEALTH  LABORATORY  (AFLC) 
KELLY  AIR  FORCE  BASE,  TEXAS  70241 


REPLY  TO 

ATTN  OF:  QC 


20  July  1972 


subject:  Trip  Report  -  McGuire  AFB  NJ  -  Special  Pro,  72-1 


to:  Commander ,  USAF  Env  Health  Lab/CC,  Kelly  AFB  TX  78241 

AFLC/SGPE,  WPAFB  OH  45433 

1.  Place:  McGuire  AFB,  NJ 

U.  S.  Army  Env  Hygiene  Agency,  Edgewood  MD. 

New  Jersey  Dept  of  Env  Protection,  Trenton,  NJ. 

U.  S.  Env  Protection  Agency  Laboratory,  Edision  NJ. 

2.  Inclusive  Dates  of  Travel:  9—14  July  1972. 

3.  Persons  Making  Trip:  Maj.  C.  Williams,  Capt.  J.  Tremblay,  lLt  N.  Lamb. 

4.  Primary  Mode  of  Transportation:  Commercial  Air. 

3.  Purpose  of  Trip:  To  coordinate  technical  aspects  of  water  pollution 
abatement  activities  of  McGuire  AFB  and  Fort  Dix  New  Jersey,  and  to  outline 
the  purpose,  scope,  and  necessary  support  requirements  for  detailed  field 
investigations  requested  by  MAFT>  and  Fort  Dix  authorities. 

6.  Persons  Contacted: 

McGuire  AFB  Personnel: 


Col.  Perkinson,  Civil  Engineer 

LtCol.  Townsend,  Surgeon 

Maj .  Klingenberger,  Civil  Engineering 

lLt.  Jandrucko,  Bioenvironmental  Engineer. 

Mr.  Porr,  Civil  Engineering 

Mr.  Zebrowski,  Civil  Engineering 

Fort  Dix  Personnel: 


LtCol.  Blalock,  Director  of  Facilities  Engr 

Mr.  Petrino,  Chief  Engr  Directorate  of  Facilities  Engr 

Mr.  Herndon,  Chief,  Utilities 

Army  Environmental  Hygiene  Agency  Personnel 

Col.  H.  Taft,  Commander 

LtCol.  D.  Muntz,  Chief  Water  Qual  Engr  Div 
LtCol.  M.  Steinberg,  Director,  Lab  Services 
LtCol.  W.  Ward,  Chief  Env  Chemistry  Div 
Maj.  L.  Spangler,  Water  Qual  Engr  Div 
Maj.  C.  Sorber,  R  &  D  Activity 

Capt  M.  Lawson,  Entomology  Sci.  &  Pesticides  Div 
Mr.  P.  Fianu,  Env  Chemistry  Div 
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1st  Army  Medical  Laboratory 


Capt  E.  Hollos 

U.  S.  Environmental  Protection  Agency  (EPA) 

Mr.  W.  Mansfield,  Region  II  Fed.  Fac.  Branch 

Mr.  F.  Brezenski,  Technical  Support  Branch,  Edison  Laboratory 

Mr.  R.  Dewling,  Surveillance  &  Analysis  Division  Laboratory 

New  Jersey  Dept  of  Environmental  Protection 

Mr.  E,  Segesser,  Chief  Water  Resources 

Mr.  C.  Kaushik,  Principal  Engineer,  Water  Resources 

Mr.  N.  Binder,  Sr.  Env.  Engineer,  Water  Resources 

Mr.  F.  Takacs,  Principal  Biologist,  Water  Resources 

Delaware  River  Basin  Commission 

Mr.  R.  Manning,  Resident  Engineer 

Burlington  County  Health  Department 

Mr.  W.  Trommelen,  Public  Health  Coordinator 
7.  Observations  and  Findings: 

a.  Background:  (See  EHL/K  Trip  Reports  McGuire  AFB,  NJ,  dated  7  Apr 
72  and  5  June  72  covering  an  EHL/K  preliminary  visit  to  MAFB/Dix  in  late 
February  and  a  technical  assistance  visit  to  MAFB  during  conferences  held 
among  all  concerned  parties  in  late  May)  The  May  conference  resulted  in 
agreements  that: 

(1)  The  Dix/MAFB  engineers  would  investigate  the  feasibility  of 
entering  into  one  of  the  three  known  regional  wastewater  treatment  plans. 

(2)  The  EHL/K  would  coordinate  all  necessary  field  studies  in 
support  of  acceptable  water  quality  management  schemes. 

(3)  The  active  participants  in  these  field  studies  would  meet 
again  to  coordinate  the  necessary  details. 

b.  Itinerary:  Following  is  an  itinerary  of  the  EHL/K  team: 

(1)  10-11  July  -  Discussions  with,  MAFB/Dix,  1st  Army  Med  Lab, 
and  Region  II  EPA  personnel  concerning  alternative  courses  of  action  and 
scope  of  field  studies, 

(2)  12  July  -  Visit  to  U.  S.  Army  Environmental  Hygiene  Agency  to 
discuss  analytical  support  of  field  studies. 
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(3)  13  July  -  Discussions  with  NJ  Dept  of  Env  Protection  on 

regionalization  schemes,  scope  of  field  studies  and  interim  water 
quality  criteria. 

(A)  14  July  -  Visit  to  U.  S.  Environmental  Protection  Agency 

Edison  Laboratory  to  discuss  analytical  support  of  field  studies. 

c .  MAFB/Dix/EPA/KKL  Discussions  -  10/11  July: 

(1)  Regionalization:  The  MAFB,  Ft  Dix  and  EPA  representatives 
agreed  that  regionalization  would  be  the  best  alternative.  The  MAFB  and 
Dix  engineers  had  been  in  contact  earlier  with  the  consultant  engineers  for 
the  North  Burlington  County  and  Ocean  County  plans.  Both  consultant  firms 
have  expressed  interest  in  the  regional  plants  accepting  the  Dix/MAFB  raw 
waste  for  treatment.  Because  of  relative  distances  to  these  two  systems, 
the  North  Burlington  County  plan  is  considered  more  economical.  In 
addition,  the  NJ  DEP  had  earlier  expressed  some  objections  to  transporting 
the  wastes  from  MAFB /Dix  complex  out  of  the  Crosswicks  Creek/Delaware  River 
Basin  to  the  Ocean  County  regional  system.  (Reference  minutes  of  meeting 
with  NJDEP  on  25  May  72) .  The  Ft  Dix  Facilities  Engineer  expressed  serious 
concern  over  the  status  of  an  FY  73  project  for  hydraulic  upgrading  of  the 
existing  Dix  sewage  plant  in  the  event  that  one  of  the  possible  regionaliza¬ 
tion  schemes  materializes.  Authorization  for  the  funds  appropriated  for 
this  project  (in  excess  of  $2.5  million)  expires  in  October  72. 

(2)  Field  Survey  Plans:  Ft  Dix  and  MAFB  requested  that  the  EHL/'K 
and  1st  Army  Medical  Laboratory  continue  plans  for  a  field  study  in  September. 
The  overall  scope  of  the  study  was  discussed,  including  a  comprehensive 
stream  survey,  treatment  plant  evaluations  and  pilot  studies  as  necessary 
depending  on  the  reaction  of  the  NJDEP  during  later  discussions.  General 
support  requirements  by  Dix/MAFB  were  outlined  and  an  agreement  was  reached 
for  EHL/K  to  publish  an  operation  plan  including  the  field  survey  support 
required  from  Dix  and  MAFB. 

d.  Army /Air  Force/EPA/NJDEP  Discussions  -  13  July: 

(1)  Regionalization:  The  NJDEP  representatives  expressed  the 
desire  for  a  regional  wastewater  treatment  concept  for  the  Dix/MAFB 
complex,  and  revealed  that  the  North  Burlington  County  Board  of  Freeholders 
had  created  a  regional  sewerage  authority  the  previous  evening,  12  July  72. 
The  sewerage  authority  representative  agreed  to  invite  the  Dix  and  MAFB 
to  the  authority's  initial  meetings.  The  Dix  and  MAFB  representatives 
agreed  to  submit  to  the  State  through  appropriate  legal  channels  a  summary 
of  the  official  Army/Air  Force  position  regarding  regionalization,  including 
a  request  that  the  State  express  its  official  position  concerning  interim 
water  quality  criteria.  Unofficially,  the  NJDEP 's  view  is  that  if  the  bases 
entry  into  a  regional  wastewater  treatment  scheme  is  anticipated,  and  no 
significant  increases  in  wastewater  flow  are  expected,  the  state  would  not 
impose  interim  requirements  resulting  in  capital  expenditures  for  facilities 
to  be  abandoned  upon  connection  to  the  regional  treatment  plant.  In  effect, 
the  "status  quo"  could  be  acceptable  to  the  state  under  these  conditions. 

The  NJDEP  representative  pointed  out  that  federal  funding  of  the  regional 
system  through  the  federal  grant-  and-  aid  program  would  be  an  important 
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issue  in  the  timely  realization  of  any  regional  wastewater  treatment 
scheme. 


(2)  Field  Survey  Plans.  Following  a  brief  EHL/K  presentation  of 
the  field  survey  plans,  the  State  representatives  expressed  interest  in 
limited  participation  in,  and  observation  of  the  field  activities. 

Stressed  during  these  discussions  was  tne  need  for  data  to  prepare  an 
environmental  assessment  of  the  proposed  courses  of  action,  particularly 
with  respect  to  the  diversion  of  the  waste  waters  from  the  Crosswicks 
Creek  water  shed  in  the  case  of  regionalization.  The  overall  objectives 
of  the  field  survey  were  determined  to  be  the  definition  of  existing  water 
quality  in  the  receiving  stream,  the  impact  of  current  discharges,  the 
relationship  of  existing  and  desired  stream  water  quality,  the  development 
of  performance  specifications  for  each  of  the  two  sewage  treatment  plants 
to  meet  the  prevailing  water  quality  criteria  of  the  receiving  stream,  includ¬ 
ing  recommendations  for  interim  specifications,  and  proposed  schemes  to 
achieve  the  desired  effluent  quality. 

e.  AEHA/EHL/EPA  Discussions  -  12  &  14  July:  The  AEKA  and  EPA 
laboratories  have  agreed  to  provide  analytical  support  of  field  studies. 

8 .  Recommendations : 


a.  The  Dix  and  MAFB  authorities  should  continue  their  investigations 
into  the  feasibility  of  entering  into  the  North  Burlington  County  regional 
wastewater  treatment  plan.  Despite  some  State  reservations,  the  Dix  and 
MAFB  authorities  should  further  investigate  the  feasibility  of  the  Ocean 
County  plan  as  an  alternative  in  the  event  that  future  discussions  with  the 
North  Burlington  County  Sewerage  Authority  reach  an  impasse. 


b.  The  Special  Projects  Division  of  the  EHL/K  in  cooperation  with  the 
EPA,  AEHA,  and  1st  Army  Med  Lab  will  conduct  a  comprehensive  field  study 
at  the  Dix/MAFB  complex  between  12  and  25  September  1972.  An  operations 
plan  outlining  the  scope,  purpose,  objectives  and  support  requirements  of 
the  field  study  will  be  published  at  the  earliest  possible  date. 


Cy  to:  USAF  Env  Health  Lab/CC 
Base  Surgeon 
Base  Civil  Engineer 
Chief  Facilities  Engineer 
1st  Army  Medical  Laboratory* 


r/‘~ — L 

JAMES  W.  ^REMBLAY ,  /Cap t 
Project  Engineer/ 


HQ  USAF/PREV 
HQ  MAC/ Civil  Engr 
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DEPARTMENT  OF  THE  AIR  FORCE 

USAF  ENVIRONMENTAL  HEALTH  LABORATORY  (AFLC) 
KELLY  AIR  FORCE  BASE.  TEXAS  78241 


RCPIY  TO 
ATTN  OF: 

SUBJECT: 

TO: 


cc 

Trip  Report 


Special  Project  72-1 


18  October  1972 


McGuire  AFB  NJ 


Commander ,  USAF  £nv  Health  Lab/CC,  Kelly  AFB  IK  78241 
AFLC/SGPE,  Wright-Patterson  AFB  OH  45433 
IN  TURN 


1,  Place  Visited:  McGuire  AFB/Fort  Dix  KJ 

2.  Inclusive  Dates  of  Travel:  10-26  Sep  1972 


E  E 


dP'Z' 


F«e  '*  7 

F  il*  ecr 


3,  Persons  Making  Trip: 


Maj  C.  Williams 
Capt  R.  Clegern 
Capt  J,  Thomas 
Capt  J.  Tremblay 
1/Lt.  N.  Lamb 
TSgt  S.  Britt 
SSgt  A.  Buziak 


Sgt  G.  Beere 
Sgt  R.  Suppes 
Sgt  W.  Caskey 
Sgt  D»  Jones 
Sgt  J.  Jones 
Sgt  D.  Hodgkinson 


4,  Primary  Modes  of  Transportation: 
To  McGuire  AFB: 


9  Sep  -  2  personnel  and  survey  equipment  -  LOGAIR 

10  Sep  -  10  personnel  -  Commercial  Air 
10  Sep  —  1  person  —  POV 

To  Kelly  AFB: 

24  Sep  -  2  personnel  and  survey  equipment  -  LOGAIR 
24  Sep  -  6  personnel  -  Mil  Air/Commerclal  Air 
24  Sep  -  1  person  -  POV 
25/26  Sep  -  4  personnel  -  Commercial  Air 


5.  Purpose  of  Trip:  To  conduct  a  comprehensive  water  pollution  field 
investigation  at  the  request  of  McGuire  AFB/Ft  Dix  authorities.  The 
purpose  and  objectives  of  this  field  survey  are  outlined  in  the 
Technical  Report,  "Water  Pollution  Survey  Operational  Plan  -  McGuire 
AFB,  Fort  Dix,  New  Jersey",  USAF  Environmental  Health  Laboratory, 

Kelly  AFB  TX,  August  1972. 


‘  A 
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6,  Persons  Contacted:  (See  Atch  1). 

7.  Observations  and  Findings: 


a.  Sampling  and  Analyses:  The  field  survey  was  accomplished  as 
planned.  Composite  samples  of  the  Ft  Dix  and  MAFB  sewage  plants  were 
obtained  for  a  12-day  period.  Sampling  of  the  receiving  waters  was 
conducted  for  an  11-day  period.  Most  chemical  analyses  of  these  samples 
were  accomplished  in  the  field,  while  some  samples  are  currently  under 
analysis  at  the  Environmental  Protection  Agency  Laboratory  (Edison  NJ)  , 
the  U.S.  Army  Environmental  Hygiene  Agency  (Edgewood  Arsenal  MD)  and  the 
Environmental  Health  Laboratory  (Kelly  AFB  TX) . 

(1)  Sewage  Treatment  Plant  Evaluations:  Both  treatment  plants 
are  providing~good  to  excellent  secondary  treatment  of  wastewaters.  Some 
inefficiencies  in  suspended  solids  removal  and  inadequate  effluent  disin- 
faction  were  noted, 

(2)  Enhanced  Treatment  Evaluations:  The  feasibility  of  chemical 
additions  and  activated  carbon  adsorption  for  enhanced  treatment  at  both 
sewage  plants  was  evaluated.  Preliminary  analysis  of  available  data 
indicates  that  enhanced  treatment  is  technically  feasible. 


(3)  Receiving  Waters  Evaluation:  Preliminary  evaluation  of 
available  stream  data  has  revealed  some  degradation  of  water  quality  es 
result  of  created  wastewater  discharges  from  the  two  treatment  plants. 
Gross  pollution,  however,  was  not  in  evidence. 


b.  Alternative  Treatment  Schemes:  Land  disposal,  advanced  waste 
treatment regionalization 'are  three  alternative  wastewater  management 
schemes.  All  three  schemes  are  still  considered  viable  alternatives. 
Regionalization  is  considered  the  most  desirable  scheme.  The  State  of 
New  Jersey  authorities  have  voiced  objections  to  the  inter-basin  transport 
of  wastewaters  to  the  Ocean  County  Sewerage  Authority,  and  the  Northern 
Burlington  County  Sewerage  Authority  is  currently  experiencing  organiza- 
t ion al  problems. 


8.  Conclusions  and  Recommeiidations : 


The  authorities  of  both  Ft  Dix  and  MAFB  were  out-briefed  by  the  field 
survey  team  on  25  September.  (See  Attachment.)  Following  additional  data 
analyses,  a  preliminary  technical  report  of  the  results  of  this  field 
study  will  be  published  by  the  Environmental  Health  Laboratory. 


•SES  W.  TREMBLAY,  Capt,  USA<F,  BSC 
Bioenvironir-ental  Engineer 


1  Atch: 
Cy  to: 
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Personnel  Contacted 

Base  Surgeon,  McGuire  APB  NJ  0864 
Base  Civil  Engr,  McGuire  AFB  NJ  0 
Chief  Facilities  Engr,  Ft  Dix  NJO 
let  U.S.  A.rmy  Med  Lab  (F.I1ES)  , 

Ft  Geo  G.  Meade  MD  20755 
USAF/PREV  USAF/SGP 

MAC/DEMP  MAC/SGPE 

USAF  Env  Health  Lab/CC,  McClellan 


PERSONNEL  CONTACTED  -  MCGUIRE  AFB/FT  DIX 
WATER  POLLUTION  SURVEY  -  10-26  SEP  1972 


McGuire  AFB  Personnel 


*Col  Wentscli,  Commander,  438  liAW 
*Coi  Dalton,  Vice-Commander,  438  MAW 
*Col  Echabarne,  Base  Commander 
*Coi  Montgomery,  Deputy  Base  Commander 
*Col  Perkinson,  Base  Civil  Engineer 
*Lt  Col  Gibson,  438  LG 
*I,t  Col  Townsend.,  Base  Surgeon 
*C.apt  Emigh,  Clinic  Administrator 
Capt  Abraham,  Chief,  Military  Public  Health 
*Capt  Jandrucko,  Base  Bioenvironment al  Engineer 
*Capt  Schnorr,  438  LGM 

*Mr.  Porr,  Associate  Base  Civil  Engineer 
Mr.  Camilli,  Base  Civil  Engineering 
Mr.  Dion,  Chief  of  Engineers 
*Mr.  Zebrowski,  Base  Civil  Engineering 
CMSgt  Slominski,  Superintendent,  Sanitation  Division 
SSgt  West,  Sewage  Plant  Operator 


i.uj..i.x  tui.  y 


Maj  Markiand,  Command  Bioenvironraental  Engineer 


Fort  Dix  Personnel 


Lt  Col  Blalock,  Director,  Facilities  Engineering 
Lt  Col  Bartley,  Preventive  Medicine  Officer 
*Maj  Rebello,  Facilities  Engineering 

*Capt  Braverman,  Environmental  Sanitarian,  Ft  Dix  Meddac,  Prev.  Med.  Act. 
*Mr.  Petrino,  Chief,  Engr  Directorate  of  Facilities  Engr- 
*Mr.  Herndon,  Chief,  Utilities 
Mr.  Scott,  Sewage  Treatment  Plant  Supervisor 

U.S.  Army  Environmental  Hygiene  Agency  Personnel 

Capt  Graven,  Water  Quality  Engr  Division 
Mr.  Fianu,  Engr  Chemistry  Division 

0 

lot  Army  Medical  Laboratory  Personnel 

*Capt  Hollos,  Sanitary  Engineer 
Sp4  Sobczak,  Biology  Technician 
Sp4  Kosoglow,  Chemistry  Technician 
Sp4  Gaspari,  Chemistry  Technician 


Atch  / 


^Personnel  atttended  out-briefing  on  25  Sep  1972. 
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Federal  EPA  (Region  II)  Personnel 


Mr.  Ike,  Chief,  Federal  Facilities  Division 
Mr.  Mansfield,  Federal  Facilities  Division 
Mr.  Stanton  Federal  Facilities  Division 

State_pJ  New  Jersey  Dept .  of  Environmental  Protection  Personnel 

Mr.  Binder,  Water  Resources,  Principal  Engr 
Mr.  Takacs,  Water  Resources,  Principal  Biologist 
Mr.  Olson,  Water  Resources,  Asst  Biologist 
Mr.  Lubov,  Water  Resources,  Asst  Biologist 
Mr.  Kotch,  Water  Resources,  Env  Field  Worker 

State  of  New  Jersey  Div  of  Fish  Game  and  Shellf laherles, Personnel 

Mr.  Bolton,  Bureau  of  Fishery  Mgt,  Asst  Biologist 
Mr.  Cramer,  Bureau  of  Fishery  Mgt,  Fisheries  Worker 

Bat  telle  Columbus  Laboratories  Personnel. 

Mr.  Carlton,  Waste  Control  and  Process  Technology  Division 
Mr.  Baytos,  Waste  Control  and  Process  Technology  Division 

Soil  Conservation  Service  Personnel 

Mr.  Malm,  Burlington  Co.,  District  Conservationist 
Mr.  Tharpe,  Ocean  Co.,  District  Conservationist 
Mr.  Jabbnski,  Ocean  Co.,  Soil  Scientist 


Lakehurst  Naval  Air  Station  Personnel 

Mr.  Newby,  Station  Forester,  Public  Works  Department 

Ocean  County  Sewer  Authority  Personnel. 

Mr,  Gritzuh,  Engineering  Administrator 

Mr.  Caiderella,  Consulting  Engines:,  Fellows,  Reed  &  Weber,  Inc. 
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Region  II  Office 
25  Federal  Plaza 


Sap tender  7,  1972 


’V.  Ernest  R.  Sogesser 
State  01  tic..'  Jersey 

oart^ent  of  Environmental  Protection 
01  vision  cf  Water  Resources 
Trenton,  He**.'  Jersey  08525 


Dear  Hr.  Segesser: 


Reference  Is  made  to  your  letter  of  August  10,  1072  and  the  meeting  in 
your  office  on  July  13,  1972,  regarding  Fort  Dix  and  McGuire  Air  Force  Ease. 
At  the  meeting  it  was  agreed  tha*t  Fort  Dix  and  McGuire  AF3  would  Indicate 
In  writing  their  position  concerning  possible  participation  in  the  proposed 
Northern  Burlington  County  Sewage  Authority  system. 

•  Attached  Is  a  letter  from  Fort  Dix  indicating  their  position  regarding 
this,  lie  have  not  yet  received  McGuire's  position;  however,  v/e  have  been 
advised  it  will  be  forthcoming  shortly. 

It  Is  requested  that  you  confirm  In  writing  the  Items  mentioned  in  para¬ 
graph  seven  (7)  of  the  Fort  Dix  letter;  namely 

1.  Your  Intention  to  construct  or  have  constructed  a  regional  sewage 
system  in  the  vicinity  of  Fort  Dix,  and 

2.  Your  agreement  that  funds  not  be  spent  at  Fort  Dix  at  this  time  for 
Improvements  later  to  be  abandoned  and  that  the  Fort  Dix  wastewater 
treatment  facility  should  continue  to  be  operated  in  the  current 
manner  with  the  existing  plant  equipment  pending  connection  to 

the  regional  sewage  system. 

An  expeditious  answer  would  be  greatly  appreciated.  If  you  have  any 
questions^  please  contact  us  at  212-264-9637  at  any  time. 


Sincerely  yours 


Marry  A.  Ike,  P.E. 
Chief 

federal  Facilities  Section 


Enclosure 


cc:  Fort  Dix,  AFB 
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Blatr  of  Nnu  Slrrawj 

DEPARTMENT  OF  ENVIRONMENTAL  PROTECTION 

*  DIVISION  OF  WATER  RESOURCES 
TRENTON.  NEW  JERSEY  OG62S 

December  I4,  1972  •' 


Mr.  Gerald  M.  Hansler 

Regional  Administrator  ‘  ’■ 

Environmental  Protection  Agency 
Room  6U7  . 

2o  Federal  Plaza  ’  ' .  .  . 

New  York,  NY  10007  '.-V.  - 

Dear  Mr .  Hansler:  ,  ■ 

This  is  in  response1 to  your  letter  of  October  31j  1972  concerning  the 
need  for  the  development  of  a  basin  plan  covering  the  headwaters  area 
of  Gross  wick-s  Greek  in  relation  to  the  problems  associated  with  the 
Fort  Dix  -  McGuire  Air  Force  Base  waste  water'  discharges  in  that  Basin. 


cR- 

r 


An  investigation  of  this  situation  by  our  p.taff  would  indicate  that 
jronnmii  on  _to  the  sewerage  system  being  planned  by  the  Ocean  County 
Sewerage  Authority  Would  have  a_  number  of  environmental  problems  asshr 
elated  with  it,  and  we  -feel  at  this  point  tfoat  this  alternative  should 
be  eliminated.  • 


I  attended  a  meeting  in' Northern  Burlington,  County  sponsored  by  the 
county  government,  yjhich.  included  representation  from  Fort  Dix  and 
McGuire  Air  Force  Base,*  last  Wednesday  night,  November  29.  There  is 
a  long  history  of  difficulties , concerning  the  establishment  of  a 
regional  agency  to  construct  a  comprehensive  regional  sewerage  system 
to  serve  Northern  Burlington  County.  An  attempt  to  form  a  regional 
authority  was  frustrated  through  a  referendum  in  the  City  of  Borden- 
to;;n,  and  a  county  authority  which  was  formed,  .with  jurisdiction 
limited  to  this  area.,  held  two  meetings  and.  then  dissolved  itself. 

At  the  conclusion  of  the  meeting  last  Wednesday  evening,  I  recommended 
that  the  County  undertake  an  environmental-  assessment  study,  examining 
all  of  the  cone  opts.  -  and  alternatives  for  providing  an  environmentally 
sound  water  quality; management  program  for ‘Northern  Burlington  County. 
At  this  point,  it  appears  that  this  recommendation  has  been  accepted, 
and  the  -work  would  bo  cax'ried  out  with  close  coordination  with  the 
basin  planning  group  in  our  Bureau  of  Water-  Pollution  Control.  Since 


a  number  cf  alternatives  have  already  boon' investigated,  including  c>. 
catbird  -os  reflecting  capital  costs  and  cost-jof  operation  and  maintonr 
of  r<v;j  >nal  facilities,  we  envision  tho  completion  of  this  study  in 
approximately  six  months  after  its  initiation .  •  • 


-Ok 


,  Hr.  ‘Gerald  M.  Hanslef  '  -2-  ’ .  f>cembor  h,  1972 


la  the  near  future  the  staff  of  our  Bureau  or  .Water  Pollution  Control 
;:i]l  be  in  touch  with  your  office  to  coordinate  the  environmen Lai 
studies  which  will  be. undertaken,  and  to  guarantee  that  their  scope 
and  content  will  be  complete  and  comprehensive  and  result  in  an  accept¬ 
able  water  quality  management  plan,  taking  into  consideration  the 
requirements  of  Fort  Dix  and  McGuire  Air  Force  Base. 
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UNITED  STATES  ENVIRONMENTAL  PROTECTION  AGENCY 

REG  C  M  (('  • 

‘  2c  FEDERAL  PLAZA 

.  NEW  YORK.  NEW  VOKK  10007 

December  20,  197.2- 


"alone!  Julian  E.  Parkinson  • 

oT'.e  Civil  Engineer 
^quarters  438. Air  Base  Group  (1440) 
luire  Air  Force  Base,  New  Jersey  08641  . 

L.-ar  Colonel  Perkinson:  . 


.  have  received  a  reply  to  our  letter  of. 0< 


:tober  31 


'sey  uj 


jpartmeht  of  Environmental  Protection  (NJDEP)  concerning 


'  ’  proposal  to  connect  the  Fort  Dix  and  McGuire  Air  Force  Base 
.aste-’oter  systems' to  the  planned  Ocean  County  Sewerage  Authority 
system.  ‘  v  ' 


The  NJDEP  takes  the  position  in  this  letter  that  the  proposed 
R.nnecti on  would  have  a  number  of  environmental  problems  associated 
■ith  it  and  that  this  alternative  should  be  eliminated  from  con¬ 
i'  ieration  at  this  point.  You  have  already  received  a  copy  of  the 
./ember  22  letter  from  the  Delaware  River.  Basin  Commission  (DRBC) 
:.o  this  office  voicing  their  concern  over/the  environmental  issues 
involved  in  an  inter-basin  transfer  of  the:  Fort  Dix-McGuire  Air 
'tree  Base  wastewater  to  the  Ocean  County: system.  This  office 
:o icurs  with  the  NJDEP  and  the  DRBC  in  the’i.r  concern  over  the 
Y.'/i ran. mental  issues  involved  in  this  matter  and  recommends  that 
is  alternative  be  eliminated  from  further  consideration  and  that 
/our  installation  actively  pursue  other  alternative  wastewater 
u&.iagemerit  schemes..  ’  ;  .. 


Sincerely ’yours , 


Rocco  D.  .-Ri  cci ,  P.  E. 
Acting  'Director 

.  Division  of  Air  and  Water  Programs 


..closure 

.  NJDEP  letter  of-  Dec.  4,  1972 
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I .  GENERAL 


A.  A  field  survey  was  conducted  at  the  Ft  Dix/MAFB  complex  by 
the  EHLK  between  10  and  26  September  1972.  Extensive  sampling  of  both 
wastewater  treatment  plants  to  provide  data  on  the  volume  and  character¬ 
istics  of  wastes  and  sewage  treatment  plant,  efficiencies  was  accomplished. 

B.  Participants  in  the  field  survey  are  listed  below: 

1.  EHLK  Personnel 

Major  C.  Williams 
Capt  R.  Clegern 
Capt  J.  Thomas 
Capt  J.  Tremblay 
Capt  N.  Lamb 
TSgt  S.  Britt 
SSgt  A.  Buziak 

2 .  U.  S.  Army  Env  Hygiene  Agency  Personnel 

Capt  H.  Graven  Mr  P.  Fianu 

3 .  1st  U.  S.  Army  Medical  Laboratory  Personnel 

Capt  E.  Hollos  Sp4  B.  Kosoglow 

.  Sp4  A.  Sobczak  Sp4  C.  Gespari 

II.  SAMPLING  STATION  LOCATIONS 

A  total  of  13  sewage  plant  sampling  stations  and  eight  receiving 
stream  sampling  stations  were  established.  Following  are  location  logs 
for  the  field  survey  sampling  stations. 

A.  SEWAGE  PLANT'S  SAMPLES 

Twenty-four  hour  and  twelve-hour  composite  samples  from  the 
various  sampling  locations  at  both  the  Ft  Dix  and  MAFB  sewage  plants 
were  manually  composted  hourly  in  proportion  to  flow  as  measured  by 
existing  flow  metering  devices  at  each  plant.  The  composite  samples 
were  refrigerated  during  the  collection  period.  Table  B-l  is  a  location 
log  for  sampling  stations  at  both  the  Ft  Dix  and  MAFB  sewage  treatment 
plants.  Figures  B-l  and  B-2  are  respectively  schematic  diagrams  of  the 
Ft  Dix  and  MAFB  sewage  plants  showing  locations  of  sampling  stations. 


Sgt  C.  Beere 
Sgt  R.  Suppes 
Sgt  W.  Caskey 
Sgt  D.  Jones 
Sgt  J.  Jones 
Sgt  D.  Hodgkinson 
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TABLE  B-l.  SEWAGE  PLANT  SAMPLING  STATION  LOCATION  LOG,  FT.  DIX/MAFB, 
NJ,  SEPTEMBER  1972.  ' 


FT.  DIX  SEWAGE  PLANT 


D-l 

D-2 

D-3 

D-4 

D-5 

D-6 

D-7 

D-A 

D-B 

D-C 


Raw  Sewage 

Primary  Clarifier  Influent 
Primary  Clarifier  Effluent 
TF  Influent 
TF  Effluent 

Final  Clarifier  Effluent 

Final  Effluent 

Sludge  Influent  to  Digester 

Digested  Sludge  Effluent  to  Drying  Beds 

Digester  Supernatant 


M-l 

M-2 

M-3 

M-4 

M-5 

M-6 

M-A 

M-B 

M-C 


McGUIRE  AFB  SEWAGE  PLANT 
Raw  Sewage 

Primary  Clarifier  influent 
Primary  Clarifier  Effluent 
TF  Effluent 

Final  Clarifier  Effluent 
Final  Effluent 
Sludge  Influent  to  Digester 
Digested  Sludge  to  Drying  Beds 
Digester  Supernatant 
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Primary 

•  Trickling 

Final  Clari¬ 

Heaa’works 

Clarifiers 

Filters 

fiers  Recirc. 
Pumping 

Effluent 

Chlorination 

Figure  B-l.  Schematic  Flow  Diagram  -  Ft  Dix  Sewage  Plant  - 
Sampling  Station  Locations  -  Sep  1972 
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- - - 

Primary 

Trickling 

Final 

Effluent 

Clarifiers 

Filters 

Clari  fiers 

Chlorination 

_ i 

Figure  B--2.  Schematic  Flow  Diagram  -  MAFB  Sewage  Plant  - 
Sampling  Station  Locations  -  Sep  1972 
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B.  STREAM  SAMPLES 


Most  all  water  samples  from  the  receiving  waters  were  composited 
by  battery-operated,  time-proportional  samplers  over  a  24-hour  period  for 
each  day.  As  a  result  of  equipment  failure/maintenance,  some  stream  water 
samples  were  grabbed  and  have  been  so  identified  in  data  presentations. 
Table  B-2  is  a  location  log  for  sampling  stations  on  the  receiving  waters. 
Figure  B-3  is  ari  area  sketch  showing  the  stream  sampling  station' locations 


TABLE  B-2. 

SAMPLING  STATION  LOG  McGUIRE  AFB/FT  DIX  NJ  WATER 
POLLUTION  SURVEY,  SEPTEMBER  1972 

Station 

STREAM  LOCATIONS 

Location 

S-l 

S-2 

S-2A 

S-3 

S-3A 

S-4 

S-5 

S-6 

S-7 

S-8 

Jumping  Br  Above  Confluence  with  Crosswicks 

South  Run  Above  Ft  Dix  STP 

Tributary  to  South  Run  above  Ft  Dix  STP 

South  Run  Below  Ft  Dix  STP  on  McGuire 

Tributary  to  South  Run  above  MAFB  STP 

South  Run  Below  McGuire  STP 

Crcsswicks  Cr  at  Brindle  Lake  Road 

Crosswicks  Cr  at  Bunting  Bridge  Rd 

North  Run  Above  Confluence  with  Crosswicks 

Crosswicks  Cr  Below  New  Egypt 
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tylihk  '/ri  *fc \U  t » if -J*  *  v  * -h 

.  s-4  lirx1  Vi  Jfo  | 

7 
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Figure  B-3.  Area  Surface  Drainage  -  Ft  Dix,  MAFB  Stream  Sampling  Station 
Locations  -  Sep  1972 
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Hi.  STREAM  FLOW  MEASUREMENTS 


All  stream  flow  measurements  (width,  depth,  and  velocity)  were  made 
using  current  meters  and  accessories.  Continuous  recording  of  stream 
flows  was  not  possible,  so  a  number  of  flow  measurements  were  made  each 
day  during  the  field  survey  to  estimate  the  average  total  daily  flows 
at  each  stream  station. 

IV.  ANALYTICAL  PROCEDURES 

Procedures  used  in  sample  analyses  were  in  accordance  with 
"Standard  Methods  for  Examination  of  Water  and  Wastewaters,"  13th 
Edition,  1971,  American  Public  Health  Association,  New  York,  New  York. 
Analyses  of  samples  were  accomplished  by  two  different  agencies:  (1) 
USAF  Environmental  Health  Laboratory,  Kelly  (EHLK)  Environmental 
Chemistry  Support  Branch;  (2)  U.  S.  Army  Environmental  Hygiene  Agency, 
(AEHA),  Edgewood  Arsenal,  Maryland.  Table  B-3  is  a  list  of  parameters 
determined  by  the  EHLK,  the  analytical  procedures/methods  used  and 
lower  detectable  limits.  Table  B-4  is  a  list  of  parameters  determined 
by  the  AEHA,  the  analytical  procedures/methods  used  and  lower  detectable 
limits.  Table  B-5  is  a  list  of  biological  parameters  and  the  method  of 
analysis. 
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TABLE  B-3 . 


ANALYTICAL  PROCEDURES  USED  BY  EHL  FIELD  LABORATORY 


Parameter 
1.  pH1 


2.  Total  Oxygen 
Demand2 


3.  Chemical 
Oxygen 
Demand1 

4.  Biochemical 
Oxygen  De¬ 
mand  5- day1 

5.  Biochemical 
Oxygen  De¬ 
mand  (soluble) 
5-day1 


6.  Total  Solids1 


7.  Total  Dis¬ 
solved  Solids1 


8.  Suspended1 
Solids 

9.  Total  Volatile 
Solids 1 


10.  Methylene 

Blue"  Active 
Substances 


Method  Notes 

Standard  Methods,  144A 
Glass  Electrode,  p.  276 

Ionics,  Model  225,  Total 
Oxygen  Demand  Analyzer 


Detectable 

Limits 


0-200  ppm-good 
linearity 


Standard  Methods ,  220 
Oxygen  Demand  (Chemical) , 
p.  495 

Standard  Methods,  p.  484- 
494 


Standard  Methods  for 
Biochemical  Oxygen 
Demand  but  using  a 
filtered  sample, 
(Whatman  41  filter 
paper) 

Standard  Methods,  148A, 
Total  Residue,  p.  288; 
224A  Residue  on  Evapo¬ 
ration,  p.  535 


5  mg/1 


2  mg/1 


2  mg/1 


Practical6  1  mg/1 

range  above 
10  mg/1 


Standard  Methods,  148B 
Filtrable  Residue, 
p.  290;  224E  Dissolved 
Matter,  p.  539. 

Total  Suspended  Matter 
p.  537 


Practical  range6  1  mg/1 
above  10  mg/1 


Practical  range6  1  mg/1 
above  20  mg/1 


Standard  Methods,  224B,  1  mg/1 

Total  Volatile  and  Fixed 
Residue,  p.  536 


Standard  Methods,  p.  339, 
Methylene  Blue  Method 
For  Methylene  Blue- 
Active  Substance 


Use  one  separatory  lmg/1  as  LAS 
funnel.  Filter  the 
chloroform-extract 
through  cotton 
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TABLE  B-3  (cont'd) 


Detectable 

Limits 


Parameter 

Method 

Notes 

11.  Phenols1 

Standard  Methods,  p. 
502-506,  Chloroform 
Extraction  Method 

12.  Alkalinity1 
Total  as  mg/1 
CaC03 

Standard  Methods,  p. 
52-56  -  Potentiometric 
Method 

13.  Cyanide1*  3 

Standard  Methods,  p. 

400  -  Preservation 
of  samples  with 

NaOII,  "Technicon 

Auto  Analyzer 
Methodology" 

Preserve  in 
field  with 

NaOH  to  raise 
pH  to  11  or 
more.  Analyzed 
at  KEHL. 

i 

14.  Turbidity 

Standard  Methods,  p. 

350,  Nephelometric 

Method 

15.  Color1 

Standard  Methods, 
p.  160 

16 .  Chlorine  Free 
Available1 

Standard  Methods, 
p.  123  (OTA)  Method 

17 .  Chlorine 
Residual1 

Standard  Methods,  p. 

123,  386  (OTA)  Method 
Method 

18.  Total  Hard¬ 
ness1 

Standard  Methods,  p. 

179,  EDTA  Titrimetric 
Method 

19.  Total  Con¬ 
forms 

Standard  Methods, 
p.  678*  Membrane 

Filter 

Agar-based 

medium 

20.  Fecal  Con¬ 
forms  1 

Standard  Methods, 
p.  684,  Membrane 

Filter 

Agar-based 

medium 

21.  Fecal  Strep¬ 
tococci1 

Standard  Methods, 
p.  690.  Membrane 

Filter 

Agar-based 

medium 

.001 


1  mg/1 


.01  mg/1 


0.1  JTU 
units 

1  unit 

0  mg/1 
0  mg/1 

1  mg/1 

1  colony/ 
100  mis 

1  colony/ 
100  mis 

1  colony/ 
100  mis 
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TABLE  B-3  (cont’d) 


Parameter 

22.  Hexavalent 
Chromium 


23 .  Cadmium 


24.  Copper 

25.  Chromium 

26.  Iron 

27.  Nickel 

28.  Silver 

29.  Manganese 

30 .  Aluminum 

31.  .'Barium 

32.  Zinc 

33.  Calcium 

32.  Mercury 

33.  Magnesium 
33.  Lead 


Method 

Standard  Methods, 
p.  156 


Atomic  Absorption 
Spectrophotometric 
Method,  Standard 
Methods,  p.  129, 

211,  418 

Perkin  Elmer 
"Analytical  Methods 
For  Atomic  Absorption 
Spectrophotometry" 

Varian  Techtron 
Atomic  Absorption 
Spectrophotometer 
Model  1000 


Notes 

Filter  cloudy 
Samples  through 
Whatman  #42 
filter  paper 


Detectable 

Limits 

.01  mg/1 


.02 

.05 

0.1 

.04 

.01 

.02 

.--10 

1.0 

.01 

.1 

.005 

.1 

.05 


1APEA,  AWWA,  WPCF,  Standard  Methods  for  the  Examination  of  Water  and  Wastewater 
13th  Edition,  1971. 

2Ionics,  Incorporated  Instrumentation,  "Instruction  Manual  Model  225  Total  Oxygen 
Demand  Analyzer,"  65  Grove  Street,  Watertown,  Mass,  April  1970. 

3Technicon  Instruments  Corporation,  "Technicon  Autoanalyzer  Methodology,"  Tarry- 
town,  New'  York. 

4Perkin~Elmer  Corporation,  "Analytical  Methods  For  Atomic  Spectrophotometry," 
Norwalk,  Connecticut 

5Varlan  Techtron  PTY.  Limited,  "Instruction  Manual  For  Atomic  Absorption  Spectro¬ 
photometer  Model  1000,"  Melbourne,  Australia. 

5EPA  Water  Quality  Office,  Analytical  Quality  Control  Laboratory,  "Methods  For 
Chemical  Analysis  of  Water  and  Wastes,"  Cincinnati,  Ohio,  1971. 
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TABLE  B~4.  ANALYTICAL  PROCEDURES  USED  BY  AEHA  LABORATORY 


Parameter 

1*  Total  Organic 
Carbon 


2*  Oil  and  Grease 


3.  Total  Phosphorous 


4*  Ortho  Phosphorous 
(as  P) 


5.  Total  Kjeidahi 
Nitrogen  (as  N) 

6*  Ammonia  Nitrogen 
(as  N) 


Notes:  (1)  The  S 
prior 


Method 


Detectable 
Notes  Limits 


Standard  Methods  138A 
Combustion-Infrared 
Method  (Tentative) 
p.  257 

Standard  Methods  209 A 
Soxblet  Extraction 
Method,  p.  409 

Standard  Methods,  223C  Pre4-  (1) 
lim  Digestion  Step  for  T- 
PO^  and  223F  Ascorbic  Acid 
Method  (Tentative),  p.  524 
and  532. 

Standard  Methods,  223F  (1) 

Ascorbic  Acid  Method 
(Tentative),  p.  532. 

J- tid.lUJLV-.VMHi.  nuLw  ,  V -L ) 

Ind.  Method  30-69A. 

Orion's  Analytical 
Technique  with  Ammonia 
Electrode  95-10  &  Model 
801  Digital  MV  Meter 


1.0  mg/1 


0.1  mg/1 


0.05  mg/1 


1  series  of  samples  x^ere  clarified  with  activated  carbon 
to  analyses  for  PO^,  NO2  and  NO3. 
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TABLE  B-5.  Analytical  Procedures  used  in  biological  stream  sampling. 


Parameter 


Method 


1.  Plankton1 

2.  Periphyton^ ^ 

3.  Macroinvertebrates1 

a)  Ponar  dredge 

b)  diverse  sampling 

4.  Effluent  bioassaysl 


Standard  Methods,  p.  726-737. 
Wisconsin  Net  concentration 
Sedgwick-Raft  Cell  counting 

Standard  Methods,  p . 743-746 
(modified) 

Modified  Biomass-Chlorophyll 
Ratio  (Weber,  1971) 

Standard  Methods,  p.  761-769 
identifications:  Capt  Neil  J.  Lamb 


Standard  Methods,  p.  562-575 
continuous  flow. 


5.  In-si tu  stream  bioassays 

6.  Endemic  Fish1 

7.  Pesticide  Residues 
(USAEHA) 


Hardware  cloth  cages  (530  cu.  in.) 
anchored  below  surface. 

Standard  Methods,  p.  771-775 
Electroshocking,  D.C.  pulse, 

230V,  2.2  amp. 

-Soxhlet  Extract ion (Hexane: Acetone) 
-Florisil  Column 

-Electron-capture  gas-liquid  chro¬ 
matography 

-thin  layer  chromatography 


1 

APHA,  AWWA,  WPCF,  Standard  Methods  for  the  Examination  of  Water  and 
Wastewater,  13th  Edition,  1971. 


2 

Weber,  C.  I.,  "Recent  Developments  in  the  measurement. of  the  Response 
of  Plankton  and  Periphyton  to  Changes  in  Their  Environment,"  162nd 
National  Meeting,  American  Chemical  Society,  1971. 
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Field  Survey  Water  Sample  Analytical  Data  Tabulations 

Contents  Page 

I.  COMPOSITE  SAMPLE  DATA .  C-2 

A.  Ft  Dix  Data  Summaries .  C-2 
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This  appendix  contains  water  sample  -data  tabulations  for  composite 
samples  and  grab  samples  obtained  during  the  September  field  survey. 


I.  COMPOSITE  SAMPLE  DATA 

Tables  C-l  through  C-3^are  raw  data  tabulations  and  statistical 
summaries  for  composite  samples  from  all  sampling  stations.  These 
tabulations  were  compiled  by  the  US  AEHA,  Water  Quality  Engineering 
Division  using  a  UNIVAC  1108  computer. 


A. 

FT  DIX  DATA  SUMMARIES 

Tables^ 

Sample  Description 

Pages 

C-l  -  C-7 

24-hour  composite  samples 

C-3  -  C-l 3 

C-8  -  C- 14 

12-hour  composite  samples 

C-l 4  -  C-24 

B. 

MAFB  DATA  SUMMARIES 

Tables 

Sample  Description 

Pages 

C-l 5  -  C-20 

24-hour  composite  samples 

C-25  -  C-34 

C-21  -  C-26 

12-hour  composite  samples 

C-35  -  C-44 

C. 

RECEIVING  WATERS  DATA  SUMMARIES 

Tables 

Sample  Description 

Pages 

C-27  -  C-34 

24-hour  composite  samples 

C-45  -  C-68 

II.  GRAB  SAMPLE  DATA 

Table  C-35  contains  raw  data  tabulations  for  grab  samples  obtained 
during  the  September  field  study.  Some  stream  sample  data  summaries  for 
grab  samples  have  been  included  in  Tables  C-27  -  C-34  and  are  so  identified 
(see  footnote  in  tabulated  data). 
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USAF  EHU/K  WATER  POUUUTION  SURVEY-SPECIAL  PROUFCT  72-1.  t  MC6UIRF  AFB 
FORT  PIX.  NEW  .JERSEY*  iQ-?6  SEPTEMBER  1972 
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notes;  units  are  as  follows;  temperature  in  degrees  c,  color  in  color  units,  PH  in  p*  units,  turbidity  in  JACKSON  TURPIDITY 

UNITS.  ALL  OTHER  DATA  IN  MG/L.  <  INDICATES  LESS  THAN,  c  INDICATES  DATA  NOT  INCLUDED  IN  STATISTICAL  COMPUTATIONS. 

ALL  SAMPLE  DAY  ENTRIES  INCLOSED  IN  C  3  ARE  GRAD-SAMPLES  TREATED  AS  COMPOSITES  FOR  EVALUATION. 

MAX  DEV  AND  MIN  DEV  ARE  EXPRESSED  AS  PERCENTAGE. 


USAr  EHL/K  WATER  POLLUTION  SURVEY-SPECIAL  PROJECT  72-1#  MCOUIRE  AF3 
FORT  DIX#  NEW  JERSEY#  10-26  SEPTEMBER  1<?72 


I 

I 


* 

a 

******* 

* 

*  ft  ft  *  *  *  * 

*  *  ft  *  *  *  * 

* 

>- 

*****  ft  * 

< 

ft  ft  *  ft  *  ft  * 

o 

*  ft-  *  *  *  *  * 

*  *  ft  ft  *  ft  * 

* 

*  *  ft  *  *  *  * 

*  ft  ft  ft  ft  *  * 

* 

, 

* 

00 

******* 

******* 

* 

V 

******* 

*  *  ft  *  *  *  * 

* 

< 

******* 

c 

******* 

# 

******* 

******* 

* 

******* 

* 

r- 

0  0*0*  *  o 

* 

00*0*  *  in 
c:  o  *  c  ft  *  o 

* 

>- 

•  *  *  •  *  *  • 

< 

vD  in  *  o  *  * 

* 

o 

O'  4*  *  VO  *  * 

CM  -4  ft  (M  ft  ft 

* 

h~ 

*  *  * 

*  *  *  V 

* 

2 

Id 

* 

3 

3 

ft  ft  *  *  *  *  O 

d 

*  *  ft  *  *  *  in 

* 

Ll 

*  *  *  *  *  *  o 

2 

>- 

ft  ft  *  *  ft  *  • 

* 

W4 

< 

ft  *  *  ft  *  * 

o 

*  ft  ft  *  *  * 

* 

a 

*  *  *  *  *  * 

Id 

ft  ft  *  ft  *  * 

# 

F-< 

*  ft  *  *  *  ft  V 

Ll 

* 

H4 

a: 

in 

o  o  o  o  o  o  o 

* 

< 

o  o  o  o  o  o  in 

d 

o  o  o  o  o  o  o 

* 

o 

V 

»•■•••• 

< 

cvjinh-oo'h- 

* 

>- 

a 

r-  O'  r-  4*  4*  ro 

ac 

4-  -I  CM  to  CM  d 

* 

< 

x 

V 

* 

M 

(Z 

CL 

* 

4* 

o  o  o  o  o  o  o 
o  o  o  o  o  o  in 

C\I 

1 

X 

0  0  3  0  0  0  0 

V-* 

V 

•  •••••• 

O 

Q 

< 

>0  Q  O  O  h  ri 

<1> 

a 

O'  O  (^4  \0  H 

* 

r)  ^  cvj  4-  oj 

-O 

<4 

FT 

V 

h- 

I 

* 

CM 

D 

to 

ft  0*0000 

CM 

*ft***ft 

* 

*  o  *  o  o  o  in 

—4 

****** 

* 

4« 

H* 

*  0*0000 

****** 

* 

z 

>- 

* 

>- 

*  ft-  *  *  *  * 

* 

* 

< 

*  ID  *  O  4-  C\l 

< 

****** 

* 

o 

o 

*  r-  *  r-  cm 

a 

****** 

ft 

* 

CL 

*  *  n  n  h 

****** 

* 

ft  * 

****** 

* 

# 

Id 

*  ft  V 

****** 

* 

d 

* 

CL 

x 

C4 

o  o  o  o  o  o  o 

****** 

ft 

* 

< 

o  o  o  c  o  o  in 

*  ft  ft  *  *  * 

* 

o  o  o  o  o  o  o 

*♦*♦** 

* 

* 

>~ 

•  •••••» 

>- 

*  ft  *  *  *  * 

* 

< 

O  O  O  O  O'  *H 

< 

****** 

ft 

* 

Q 

CJ  CO  4  4  o  4 

a 

*  *  ft  *  *  ft 

* 

to  (M  n  C\j  H 

ft  ft  *  *  *  * 

* 

■£ 

ft  ft  *  ft  ft  ft 

ft 

V 

ft  *  ft  ft  *  ft 

* 

* 

* 

*-4 

o  o  o  o  o  o  o 

0 

*  ft  ft  ft  *  * 

ft 

o  o  o  o  o  o  tr> 

r-i 

*  ft  *  ft-  ft  ft 

* 

•# 

o  o  o  o  o  o  o 

ft  *  ft  ft  ft  * 

♦ 

>- 

»•••••• 

>- 

*  ft  *  ft  *  * 

* 

4* 

< 

VO  innoc  4 

< 

ftftftft** 

* 

Q 

O'  o  j  r-  4 

a 

ftftftftftft 

* 

* 

4“  CM  CM  4-  CM  tH 

*  ft  ft  ft  ft  * 

* 

*  *  ft  ft  *  * 

ft 

* 

V 

ftftftftftft 

ft 

* 

•Jr 

* 

* 

* 

Q 

a 

* 

2 

z 

< 

*x 

* 

in  in  2: 

in  m  x 

0  a  Ld 

O  Q  LJ 

* 

H  ►-«  Q 

»-4  ►-«  Q 

d  d 

d  d 

* 

in  0  0  2 

in  0  0  2 

3  n  in  id 

d  in  n  iu 

JJv 

*-4  O 

►-4  0 

CrC 

d  a  0  >-  o 

ac 

d  0  3  d 

>: 

ft 

Id 

0  il  Id  X  0  X 

Id 

O  LJ  id  X  O 

r- 

d)  O  >  O  O  3 

1— 

O  Q  ->  O  O 

3 

£. 

Id 

2d  ►-» 

UJ 

2  d 

*-4 

d  d  0  d  d  X 

>: 

d  Id  O  d  d 

z 

4 

L" 

<  a.  n  c  <r  o 

< 

•x  cl  n  •<  -c 

0 

cc 

i—  in  in  ♦  -  1—  d  x 

3: 

i-juni-kox 

4 

< 

0  d  0  0  0  x 

<c 

O  3  O  O  O 

•  L 

CL 

0  O 

CL 

h*  in  d  1-  »-  oj  d 

z 

o 


»- 

3 


<x 

> 

Id 


10 


< 


in 


>- 

> 

0 

0  er  r-  0  0  0 

H 

U 

0 

0  in  0  <t>  0  0 

H4 

c 

17 

c  sc  4  in  c 

O 

• 

•  0  •  e  «#  A 

H  O 

c 

C  £  *  C  *- 

c  ir 

< 

r- 

in  h  m  d-  h 

cr  2 

td 

3  O 

h- 

2  < 
O  t~ 

in  3 

btl  CL 

> 

m  O'  so  cm  4 

0 

O  X 

LJ 

in  in  cm  4-  0  cv 

0 

<  O 

O 

cm  CM  CM  m  ao  O' 

0 

3  O 

•  ft  *  •  •  * 

• 

X 

in  O'  co  0  in  O' 

2  d 

3 

cm  in  cm  to 

H  C 

X 

O 

►-« 

>-  V-4 

X 

< 


> 

Ld 

Q 

3 

X 


to  c*  o»  n  o  r-  o 
in  4-  d  3  3  o 

cm  d  cm  ^  cm  o 

in  d  cm  <o  tt  in  i 

(M  d-  h  f\j  rj  h 


!-  1- 

w  ift 

Q  W-4  » 

►-»  H  Z 

CO  <  O 

cr  »-« 

D  l/)H 

h-  < 

2  3 

»  »-4  d 

3  < 

J-  O  > 

id  Id 

2  a 

330: 

d  o 
lull 
CL  2 


Id 

OOOOOO 

O 

>-4  m 

O 

0  0  c  0  0  0 

O 

2  Id 

2 

OOOOOO 

O 

h  1-  h 

< 

ftftftftftft 

• 

0  »-• 

CL 

0  0  0  in  k# 

x  2  m 

O  4  Ifi  CO  -.0  fO 

CL  0 

CM  -4  «H  -« 

<  CL 
-  h-  X 

n  <  0 
1-0  0 

►-» 

2  in  in 

3  Id  < 

2 

OOOOOO 

O 

1— 

< 

OOOOOO 

n 

x  <  a 

Id 

0  0  in  0  4-  0 

0 

0  U  Id 

X 

•  ft  ft  ft  ft  ft 

• 

d  h- 

3  S)  to  in  n  #-4 

0  0  < 

O'  ro  r-  vo  r*  ro 

O  2  Id 

r'i  •-»  CM  CM 

d 

i— 

*~4  n 

CO 

V 

CL  •  Id 

O  2  d 
d  <  CL 

X 

OOOOOO 

0 

0  X  X 

3 

0  0  O  O  O  O  LO 

Ul-< 

X 

OOOOOO 

0 

m  • 

►-< 

ftftftftftft 

• 

-  «n  1  id 

X 

3  10  3  0  4-4" 

0  in  co  0 

< 

0'^0'4-r'4- 

Ld  < 

X 

4"  CM  CM  4“  id  -H 

>n  d  QC  k- 

Id  0  2 

Id  in  Id 

CL  Id  Id  O 

V 

CM-  d  CC 

x 

3 

v 

»-4 

2 

h-4 

X 


o  o  o  o  o  o  o 

o  o  o  o  o  o  in 

o  o  o  o  o  o  o 

^oinooO'H 

CM^  ^  O  O  H 

CM  CM  C\J  CM  »-« 


Id  <  *4  LJ 

a  o  cl 

b-i  rn 

zauin 

t-4  2  < 

-4  2 

Id  *-4  0 

a:  v  id 
3  3  l/l 

h*  •  Id  10 
<  d  3  id 
a  \  OK 
Id  O  J  CL 
cl  sax 
X  2  Id 

U  ZH 

t-  H4  LJ 

<Si  cr. 
—  <  u  < 

3 

3B 

o 


in  o 
3  in 

H 

_j  o 

O  Id 
in  o 
2 
d  Id 
X  o. 
h-  3 
o  3 
K—  3 


o 
2 
< 
in  x 

O  Id 

-«  n 

d 

O  2 
n  d 
o 

o  >-  o 

Id  X  O 
:>  0*0 
-J  M 

odd  :?: 
3  <  <  :j 
in  ►-  i-  o  cz 
-4  O  O  O  X 
H  11  <d 


X 

3 


<  X  > 
ohd 
d  2  0 
d  K'J 
O  Id  2 

h  <  £ 

3  o  a 

<  o 

d  Id  2 
LI  J  J< 
a:  <  cl 

<  x  > 

*  <  id 

in  in  m  o 

H-  h- 

*-4  »-4  d  X 

2  2  d  < 

3  d  <  2 


in 

d 

H- 

O 


C-6 


\ 

‘ 


USAK  EML'/K  WATER  POLLUTION  SURVEY-SPECIAL  PROJECT  72-t,  MCGUIRE  AF3 
FORT  DIX,  NEW  JERSEY,  10-26  SEPTEMBER  1972 


* 

* 

0 

*  *  * 

*  * 

*  * 

* 

*  *  * 

*  * 

*  * 

*  *  * 

*  * 

*  * 

* 

> 

*  *  * 

*  * 

*  * 

< 

*  *  * 

*  * 

*  * 

* 

0 

*  *  * 

*  * 

*  * 

*  *  * 

*  * 

*  * 

* 

*  *  * 

*  * 

*  * 

*  *  * 

*  * 

*  * 

« 

* 

00 

*  *  * 

*  * 

*  * 

*  *  * 

*  * 

*  * 

* 

*  *  * 

*  * 

*  * 

>- 

*  *  * 

*  * 

*  * 

* 

< 

*  *  * 

*  * 

*  * 

c 

*  *  * 

*  * 

*  * 

* 

*  *  * 

*  * 

*  * 

*  *  * 

*  * 

*  * 

* 

*  *  * 

*  * 

*  * 

* 

1^ 

0  *  * 

0  * 

*  O 

* 

0  *  * 

0  * 

*  in 

0  *  * 

0  * 

*  0 

* 

>- 

•  *  * 

•  * 

*  • 

CM  *  * 

in  * 

* 

* 

0 

K)  *  * 

0  * 

* 

CM  *  * 

CM  * 

* 

* 

*  * 

* 

* 

*  * 

* 

*  V 

* 

2 

UJ 

* 

3 

nO 

*  *  * 

*  * 

*  0 

d 

*  *  * 

*  * 

*  in 

* 

U- 

*  *  * 

*  * 

*  0 

Il 

>~ 

*  *  * 

*  * 

*  • 

* 

UJ 

< 

*  *  * 

*  * 

* 

O 

*  *  * 

*  * 

* 

* 

or. 

*  *  * 

*  * 

* 

id 

*  *  * 

*  * 

* 

* 

H 

*  *  * 

*  * 

*  V 

u 

* 

M 

cr 

in 

OOO 

0  0 

0  0 

* 

< 

OOO 

0  0 

0  in 

d 

OOO 

0  0  in  0 

* 

0 

>- 

•  •  * 

•  • 

■  0 

< 

CO  O  co  0  v0  CVJ 

* 

>- 

a 

CO  in  to  10  r-»  00 

cr 

ro  OJ  rO  CM 

* 

< 

Z 

V 

* 

*4 

cr 

* 

Cl 

d- 

OOO 

0  0 

*  0 

OOO 

0  0 

*  in 

CO 

> 

X 

OOO 

0  0 

*  0 

H 

>- 

•  •  • 

•  • 

*  • 

0 

a 

<* 

\D  O  \0  O  O' 

* 

<y 

a 

r-i  M2 

JA 

• 

CM  **  r-i  CM  *-i 

* 

_o 

H- 

* 

ra 

Ll 

*  V 

h- 

i 

1 

to 

* 

O 

ro 

OOO 

O  O 

O  O 

OOO 

O  O 

0  in 

* 

h- 

OOO 

O  O 

r-  0 

2 

>- 

»  •  • 

•  • 

•  • 

* 

< 

vo  in 

0  i0  vO 

O 

0 

r»  r-  0  o'  r-  r- 

* 

a. 

H  H  OJ  H 

* 

UJ 

V 

d 

* 

CL 

re 

c\j 

OOO 

0  0 

0  0 

* 

< 

OOO 

0  0 

0  in 

in 

OOO 

0  0 

in  0 

* 

>- 

•  •  • 

•  • 

»  • 

«=c 

4  CO  vD  4  O'  fO 

* 

a 

\D  vO  O'  CM  «-<  N 

fO  CM  CM  •* 

* 

V 

* 

* 

H 

OOO 

0  0 

0  0 

OOO 

0  0 

0  in 

* 

OOO 

0  0 

0  0 

>- 

•  •  • 

•  * 

•  * 

* 

< 

co  in  ro  in  d 

0 

Q 

co  h 

O  O' 

20 

* 

ro  *-<  cm 

rO 

* 


V 


CM 


>- 

< 

Q 


******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 


«-♦  ******* 

******* 
*  *  *  *  *  *  * 
>-  ******* 

<t  ******* 

Q  ******* 

******* 
******* 
******* 


O  ******* 

*-4  ******* 

******* 
>-  ******* 

<  ******* 

Q  ******* 

******* 
******* 
******* 


>  O  C  C  C  C  IT  O 

l  J  O  C0  4-0  J-f\|  o 

CL  c  v£  c  c  c  a  c 

•  «  •  •  •  •  •  • 

r  v£  IT  IT  h  •- 

c  cm  o  d-  oj 

Id 

51 


>  cv  ifl  fOf\)  O  M  o 

Id  CCCH  Ch  O 

o  vcr-co**ocoo 

»•••■•• 

Z  Nd-hoinK) 

3  cm  zt  to  to  cvj 
Z 

►4 

X 

«r 

s: 


>  in  io  o  (\i  d’  h  o 

UJ  a\0C3  0'OK)O 

o  ro  0s  r^-  «-<  d  o 

•  »  •  •  J  f>  • 

z  cvj  d  cm  to  <h  to  • 

3  d*  IO  lO  CM  iO 

2 

2 

2 


UJ 

CD 

2 

rr 


2 

O 


o  o  o  o  o  o  o 

o  o  a  o  o  o  o 

o  o  o  o  o  co  a 

•  •  •  •  •  •  • 

cvj  c\j  in  in  r*-  in 

H  CC0>4  O' 

CVJ  H 


O  O  O  O  o  in  O 
o  o  o  o  o  cm  in 
o  iflcoo  ood-  o 

»  •  »  •  •  •  * 

^  ro  &  cr*  M  nv 

o  b  ^  uo  K  r- 

ro  cvj  cm  ** 


in  v 


«x  2:  000000a 

t—  3  00000  cd  m 

in  2:  oooooino 

»— ♦  ••••••• 

X  CO  OvflO  \0  CM 

c  ao  in  cp  in  h  cn 

51  rO  «H  CM  rO  CM 


V 


3l 

0000 

O  O 

O 

3 

0000 

O  O 

in 

Z 

O  OOO 

0  r- 

0 

*-4 

•  •  •  • 

»  • 

» 

2 

vO  co  *h  in 

O'  vO 

► 

hv.000 

H  P'* 

z 

H  *-4  CM 

—< 

V 


* 


* 


* 


* 


i 


* 

O 

0 

a 

* 

2 

2 

2 

< 

< 

< 

* 

in  in  2 

in  in  2 

in  in  z 

a  0  uj 

a  0  ui 

Q  Q  Id 

* 

>-«  ,  -4  Q 

»-**-•  Q 

.  *4  *-  4  Cl 

-J  -J 

.1  -J 

d  -J 

* 

in  0  0  2 

in  0  0  2 

in  0  0  2 

0  m  in  id 

3  in  m  id 

3  lo  in  d 

* 

►H  l3 

H4  O 

»-4  ID 

cr 

-J  0  d  >-  '1 

:r 

j  q  a  >-  ci 

d  0  o>- 

3 

* 

UJ 

O  Ul  UJ  X  0  z 

.j 

O  Id  Id  X  O 

y. 

O  du  X 

0 

z 

h 

;/)  0  >  0  u  r> 

j— 

Ul  Q  >  O 

3 

i/^  n>o 

0 

3 

* 

ItJ 

2  j  »-• 

UJ 

2  _J 

»-4 

2  d 

►-4 

X 

J  oJ  O  J  J  X 

J  aJ  O  J  J 

X 

d  ul  O  d 

d 

I! 

* 

< 

<  a.  vn  <t  0 

< 

<  a.  d  <  < 

0 

<  ql  n  < 

< 

O 

a: 

n  ut  1-  I-  or 

nc 

m  iohh  qq: 

7i  l/)r- 

>—  3 

rr 

* 

< 

O  3  >-«  O  O  O  X 

< 

0  CJ  ^  0  0  0  1: 

O  3  -4  O 

0  0 

X 

CL 

hl/IOHh  a  J 

o. 

h^/JOKI- 

n  0 

h-  n  □  i- 

V-  XI  u 

NOTES:  UNITS  ARE  AS  FOLLOWS;  TEMPERATURE  In  DEGREES  c*  COLOR  IN  COLOR  UNITS,  PH  IN  PH  UNITS,  TURBIDITY  IN  JACKSON  TURSiniTY 
UNITS,  ALL  OTHER  DATA  IN  MG/L.  <  INDICATES  LESS  THAN.  «  INDICATES  DATA  NOT  INCLUDED  IN  STATISTICAL  COMPUTATIONS, 

ALL  SAMPLE  DAY  ENTRIES  INCLOSED  IN  [3  ARE  GRAB-SAMPLES  TREATED  AS  COMPOSITES  FOR  EVALUATION. 

MAX  DEV  AND  MIN  OEV  ARE  EXPRESSED  AS  PERCENTAGE. 


ro 

X 

< 

Id 

a. 

t-t 

3 

co 

u 


u. 

< 

3 


* 

* 

* 

* 

* 

* 

* 

# 

« 

* 

* 

* 

$? 

* 


C>  *  *  *  *  * 

*  *  *  *  * 

*  *  *  *  * 

>~  ***«-* 

<  *  *  *  *  * 

a  *  *  *  *  * 

♦  *  *  *  * 

*  *  *  *  * 

*  *  +  *  * 


*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 


cO  ******* 

******* 
******* 
>-  ******* 

<  ******* 

c  ******* 

******* 
******* 
******* 


z 

uJ 

3 

3 

U_ 


I- 


>- 

< 

a 


vO 


>- 

< 

Q 


0**0*  *  o 

c-  *  *  o  *  *  \n 

o  *  *  o  *  *  o 

*  *  *  •  *  *  • 

CO  *  *  o  *  * 

v0  *  *  3  *  * 

C\J  *  *  CM  *  * 

*  *  *  * 

*  *  *  *  V 


* 

**  CM 

X 

s  r* 

* 

3 

CM  O' 

H 

r-  »* 

* 

3 

4-4 

in 

H  X 

* 

X 

O  LJ 

Id  X 

* 

10 

X 

3  S 

z 

< 

O  3 

* 

4-4 

0 

X  1- 

3 

X  X 

* 

X 

Id 

O 

3  in 

* 

4-4 

a 

X 

1-4  *0 

* 

H 

U  CM 

3  1 

C* 

X 

X  O 

1 

4-4 

>- 

m 

0 

a 

< 

1 

fl.* 

0 

>•  - 

r— 

* 

UJ  >- 

H 

>  Id 

X 

x  in 

h- 

J 

3  X 

d- 

in  3 

* 

O 

ro 

3 

7 

* 

4— 

6  js 

z 

>- 

4-4  3 

* 

4-4 

< 

H  Z 

O 

Q 

3 

* 

X 

3  - 

3  X 

* 

3 

O  ^ 

3 

x  a 

* 

X 

CM 

x  1— 

* 

< 

3  X 

3 

H  O 

* 

>- 

<  lL 

< 

3c 

* 

Q 

X 

* 

X 

3 

* 

X 

UJ 

* 

H 

******  o 
******  in 
******  o 
******  • 
****** 
•>#*£** 
****** 
****** 
******  v 


*0000 

*  o  o  o  in 

*  o  o  in  o 

*  •  •  •  • 

>  (M  O  vO 

*  ro  vo  r- 

*  ro  3 

* 

*  V 


*  .- 


>* 

< 

0 


00000  00 
o  o  o  a  o  o  in 
ooooo.no 

•  •••••# 

vO  LO  «~4  *H  cO  «H 
•-4  r-  \ft  3-  vD 


0000000 

o  o  o  o  o  o  in 

0000000 

OiflH  00  irt 
zt  r-  r*  vd  r-  to 

n  CM  CM  «H 


0000000 
00000  o  in 

O  O  O  O  O  CM  o 
•  ■••••• 

vO  00  CO  r»  d*  vO 
hvOOfOvOvO 
^  ^  OJ  «-» 


0000000 
00000  o  in 
0000000 

»»••••• 

co  n  ro  in  if-  O' 

03  h  H  K}  O' 
fO  K)  K)  H 


* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 


a: 

•ii 


< 

nr 

<* 

ft. 


o 
z 
< 

m  1  n  z 
O  O  UJ 
►h  >-«  n 
3  3 

l/)OOZ 

o  in  in  oJ 

»-4  o 

3  o  a  >-  Q 
O  3  3  X  O 
3  Q  >  O  U 
•j  1 

3  u  i  6  _J  J 
<c  a.  n  <  < 

Cl  (X 

o  3  •*  o  o  o  x 

H-  inaHhcao 


6 


> 

nrcroooo 

3 

ro  CM  in  ro  ^  co  0 

C 

Kj  vD  MO  CO  CO  C 

•  *•••** 

z 

C  Cl  *  H  H 

# 

< 

H  CO  K) 

3 

Z 

z 

o 


< 

3 

-J 

< 

> 

U 


> 

u 

a 

T. 

3 

Z 

►-4 

X 

< 

z 


> 

UJ 

o 

z 

3 

Z 


Id 

O 

Z 

< 

x 


Z 

< 

Ul 

Z 


0>  O'  o  h  O'  O'  a 

ro  cc  c  cm  oj  co  o 

vO  to  ro  r-  o  d-  o 

ro  c\j  o  o  \0  in 
to  in  <\i  *h  -t 


o  h-  O'  m  n  cm  o 

CC  vO  ro  O'  00  ^  o 

10  3  *h  in  d-  o 

•  •  •  •  C  •  • 

O'  h*  CO  c*  3  vO  I 

K)  d*  3  3  3 


OOOOOOO 

OOOOOOO 

o  o  o  o  o  Is-  o 

*  •  •  •  *  •  • 

cm  Is-  in  cc  vC  ro 

3  o  O'  cf  CM 

CM  CM 


>~ 

< 

Q 


******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 


in 


< 

H* 

in 


z 

ID 

Z 

H 

X 

< 

z 


3  ******* 

3  ******* 

******* 
>-  ******* 

<  ******* 

O  ******* 

******* 
******* 
******* 


******  * 
******* 
******* 
******  * 
******* 
******* 
******* 
******* 
******* 


< 

o 


cc 

UJ 

H* 

3 

Z 

x 

< 

Ql 


in 

o 

►-4 

3 
l/l  o 

U  1/3 

H4 

.j  a 

o  UJ 

in  o 

3  id 
<  CL 
h-  d> 
O  3 
h-  in 


a 
2: 
< 
in  z 
a  id 
^  a 

o  2: 
in  uj 
o 
a  >- 

UJ  x 


•  o  o 


z 

3 


O  -J  3  z 
0)  <  <  o 
y>  r-  h-  o  .r. 

*-«  o  o  o  X 
O  ♦-  h  C0  O 


K)  o  O  O  O  o  O 

ro  ;n  n  o  o  o  in 

ro  cm  cm  in  cj  \0  o 

•  »  •  •  •  •  • 

o  rO  £0  h*  to 

O'  r-  o  r-  no  r- 

CM  ni  <m  — « 


0000000 

o  o  o  o  o  o  in 

OOOOOOO 
•  •  •  •  •  •  • 

co  in  10  in  ^  in 
co  r*  ro  O'  co 
tO  to  rO  «* 


0000000 
o  o  o  0  o  o  »n 
o  O  o  O  O  rO  O 
*♦••••• 

vo  cc  co  co  •-< 

r-  lO  o  ro  cf  vO 
CM 


>- 


cr  u* 

X  z 
3  o 
h*  *-• 

K 

2  < 

O  H 

in  3 
^  cl 
u  z 
<  o 
3  a 

z  -J 
»-*  < 
o 

>-  *-• 

K-  H- 
»-«  in 

Q  1-4  • 

H  I-  2 
CD  <  O 
ai-w 

3  tn  1- 
h*  < 
z  3 
-  >-  3 
in  < 
h  0  > 

UJ  Id 

z  a 
3  3  x 
3  o 

X  o  X 

a  z 
►-*  in 
z  Id 

1-4  l— 

O  *-* 

x  z  \n 

CL  o 
<  CL 
-HZ 
in  <t  o 
H  Q  O 
>-« 

z  in  m 

3  Id  < 

H 

x  <c  a 

O  O  Id 

jHh 

o  a  < 

O  Z  Id 

4-4  X 

Z  H 

»-•  n 

in 

x  •  UJ 
o  z  3 
3  <  ft- 
o  x  z 
O  H  <c 
in  • 
-  in  1  id 
o  in  co  o 
uj  «t  < 
in  3  x  h 
id  o  z 
uj  in  uj 
x  uj  uj  o 
o  h  x  x 

UJ  <  <  UJ 

Q  o  X 


in 

a 

4-4 

3 

in  o 

3  in 

H 

3 

O  Id 

in  a 

3  id 
<  x 
r—  in 
o  D 

r—  J) 


Q 

z 
< 
in  z 
o  3 

-« o 

3 

o  z 
in  3 
o 

3  >-  o 
Id  X  O 
>00 
3 

O  3  J 

A  <  < 

3)  V—  K-  3  X 
*-4  o  o  o  X 
Ohh  no 


z  a 

v~»  Z 

r-4 

Id 

X  V 
3 

I—  • 
<  3 
X  X 
Id  O 
X  Z 

z 

Id  z 


< 

in  j— 

?c  < 
O  Q 
3 

3  X 
O  UJ 
X  X 
I- 

m  o 
< 

3 
3  3 
X  < 
< 


in  in 

*-  h- 


o  in 
z 

i-4  a 
id 

q  in 
iu  in 
in  td 
O  X 
3  X 
O  X 
Z  3 
4—4 

3 

m  x 

3  < 

4-H 

X  > 

h-  3 

z  o 

3 

Z 

>~  »-• 

<  z 
a 

a 
3  z 
3  < 
x 

z  > 

<  Id 

in  a 


z  3  3 


3  x 
3  -t 

cc  X 


z 

0 


in 

ul 


C-8 


3 


USAF  EHL/K  Water  POLLUTION  SURVEY-SPECIAL  PROJECT  7?;~1»  HC GUI RE  Are 
FORT  DIX f  NEW  JERSEY r  10-26  SEPTEMREK  1?72 


#. 


* 

e 

******* 

* 

******* 

******* 

* 

>- 

******* 

«< 

******* 

* 

o 

******* 

******* 

*  *  *  *  *  *  * 

******* 

* 

* 

cO 

******* 

******* 

* 

>- 

******* 

******* 

* 

******* 

c 

******* 

# 

******* 

******* 

* 

******* 

* 

h- 

00*0  *  *  o 

* 

o  o  *  o  *  *  in 
c  c  *  c  *  *  o 

* 

>- 

•  •  *  •  *  *  ® 

<c 

vO  o  *  to  *  * 

* 

Q 

O'  r*  *  nj  *  * 

*-<  *  *  * 

* 

*  *  * 

*  *  *  V 

* 

!— 

Z 

* 

UJ 

vO 

******  o 

Zj 

******  in 

* 

-J 

******  o 

U. 

>- 

******  • 

* 

UL 

< 

****** 

UJ 

o 

****** 

* 

****** 

o: 

****** 

* 

uj 

******  V 

Y- 

* 

3 

»-< 

in 

o  *  *  o  o  o  o 

* 

U. 

o  *  *  O  O  O  LO 

o  *  *  o  o  o  o 

* 

o 

X 

•  **•••• 

< 

o  *  *  o  rO  «h 

* 

H 

Q 

vO  *  *  co  o  ro 

-J 

CM  *  *  r-A 

*  * 

l  J 

*  *  V 

* 

►-4 

Ct 

* 

h* 

*  o  *  o  o  o  o 

*  o  *  o  o  o  in 

in 

X 

*0*0000 

t 

o 

M 

>- 

*  .*•••* 

Q 

< 

*  in  *  co  «h  4- 

<L> 

Q 

*  vO  *  vO  O'  CM 

0 

*  *  T* 

jU 

t— 

*  * 

1X5 

h- 

U- 

( 

*  *  V  V 

in 

* 

a 

ro 

O  o  O  O  O  O  O 

o  o  o  o  o  o  in 

* 

H- 

O  O  O  O  O  CM  o 

Z 

>- 

* 

H-i 

< 

o  ct  vD  in  -t  ro 

o 

o 

to  cm  n  vQ  o  cm 

* 

CL 

CM  CM  *-!  «H 

* 

UJ 

V 

-J 

* 

cl 

X 

CM 

o  o  o  o  o  o  o 

* 

< 

O  O  O  O  O  O  in 

in 

o  o  o  o  o  o  o 

* 

>- 

•  •••••• 

< 

cm  co  .-j-  O'  r-cj- 

* 

Q 

^  rO  ro  <M  o  CM 

CM  CM  *4  «H 

* 

V  V 

* 

* 

o  o  a  o  o  o  o 
O  O  O  O  o  o  n 

* 

o  o  o  o  o  o  o 

>- 

o  »  »  «>  »  •  • 

* 

< 

o  cj  vo  n  o 

a 

,-r  n  a»  O' -t 

* 

to  CM  *H 

* 

V  V 

* 

* 

* 

* 

* 

o 

* 

z 

< 

* 

in  in  x 
a  a  uj 

* 

hmQ 
_J  -  J 

* 

in  o  o  z 

3  in  n  uj 

* 

H  19 

Lt 

3  Q  3  >-  o 

* 

UJ 

O  id  td  X  O 

X 

H- 

in  n  >  o  u 

3 

* 

UJ 

Z  -J 

►  ■4 

X 

JldO  J  J 

X 

* 

< 

tc  x  n  <  ^ 

o 

Ct 

t—  «n  n  l-  t- 

O  X 

* 

<  • 

O  3  *-«  O  O  O  X 

Ql 

hl/)3H  h 

a  3 

CM 


>- 

O 


>- 

Q 


>- 

< 

Q 


> 

UJ 

c 


< 

u 

X 


a 


x 

< 

s 


> 

UJ 

o 

x 

3 

s 


UJ 

o 

z 

< 

ft 


******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 


******* 
******* 
*****  *  * 
******* 
******* 
*****  *  * 
******* 
******* 
******* 


****** 

****** 

****** 

****** 

****** 

****** 

****** 

****** 

****** 


x 

UJ 

»~ 

UJ 

S’ 

< 

CL 


o 
z 
< 

m  <n  x 

Q  O  UJ 

►-«  »~5  Q 

-J  .-J 

in  O  O  Z 
O  lfl  lO  aJ 
h  O 

_J  3  :Z»  >-  Q 
O  uJ  IJ  A  O 
lO  O  >  O  U 
Z  _J 

J  Id  O  J  J 
<  a,  n  <  x 

CO  CO  K  K-  w  — 
O  3  ^  OO  O  X 
u  -s  U-  W-  '-rt  r  ‘ 


X 

o 

»-« 

v 

o 

Q  X 


C  C  a:  h  c  <c  c 

CO  v£  C\J  vD  CO  j*  O 

C\  Q'  C\  vO  vO  vO  O 

r  vT  r  r  c  c' 

K)  «r4  r-4  CM  (NJ 


to  a  *  m  r-  o 

h  c  cr  h  ro  ^  o 

H  H  O  (C  O'  \0  o 

•  •  •  •  •  *  • 

aO  &  CO  *“*  «"•  o 

CM  tO  CM  VO  ^ 


>- 

H 

a 

H  • 

c  \s 

CL  Z 
3  O 

I-  *-» 

Z  «* 
o  t— 
in  3 
v  a 

O  X 

<t  o 
3  o 

Z  -J 

►H  < 

a 

>*  H 


z 

o 


< 

O 

J 

< 

> 

UJ 


Y- 

10 


< 

Y- 

10 


z 

< 

UJ 

X 


o  ro  in  in 
c  cm  in  cm 

rocrOH 

•  &  «  • 

h-  r*  CO  fO 
CM  in  CM 


o  in  o 
cr  cm  o 
O  o 

•  •  • 

rf  CO  I 
CM  -4 


o  o  a  o 
o  o  o  o 
o  o  o  o 

•  •  •  » 

cf  vO  <\J  CM 

cf  ^  *  r- 


10 

o  »-*  • 
HHZ 
OQ  O 
K  H*  h 
3  10  h* 
H  < 

z  3 

•.  ►-»  _I 

lO  <C 

J—  o  > 

liJ  UJ 

z  o 

ZD  ZD  c: 

-J  o 
IOL 
CL  Z 

o  o  o  »-4  m 

o  o  o  Z  UJ 

o  co  a  h  h  h 

•  •  •  o  »-» 

lO  vC  X  Z  10 

a  «h  0.0 

«H  <0. 

-  h-  >: 

10  <  o 

I-  Q  O 


z  in  in 
3  UJ  < 
H* 

ct  <  a 

O  O  UJ 
J  hH 
O  O  <C 
U  Z  UJ 


ZD 

X 

»-4 

X 

< 


3 


o  o  to  o  o  o  o 

O  O  K)  O  o  cf-  n 
vD  (\l  K)  O  CO  41  O 
•  •••••• 

o  cm  in  o  ^  co 
v0  m  in  vO  «h  cm 
cm  cm 


V  V 


o  o  o  o  o  o  o 

o  o  o  o  o  o  in 

o  o  o  o  o  o  o 

•  •••••• 

oo^om  ^  o 

&  Is-  O'  (7s  cf 

tO  C\1  H  H 


o  o  o  o  o  o  o 
o  o  o  o  o  o  in 
o  O  O  O  O  CM  o 

•  •••••♦ 

iO  ^  ^  io  h  n 
O'  CM  rO  CM  O'  CM 
«H  CM  *H 


»-♦  n 

in 

o:  ♦  w 
o  z  -J 

—I  <  CL 
O  X  X 
O  h-  < 

in  • 

-  in  i  in 

O  l/)  03  O 

UJ  <  < 

in  -i  a:  »- 

u  o  z 

UJ  in  UJ 
cr  ui  uj  o 
o  »-  a:  a: 
uj  c  <  UJ 

a  o  cl 


z  o 

►H  Z 

H 

UJ 

ct  V 

3 

h-  • 
<  -J 
ec  \ 
u  o 
CL  x 
X 

UJ  z 


< 

in  in  x 

□  Old 
M  H  Q 

-J  J 

m  o  o  z 

o  in  in  uj 

H4  o 

jao>-  n 

O  UJ  111  a'  O 

dio>a  j 
Z  -J 

J  U  O  J  J  - 

<  UU  0)  <  <  O 

h-  n  n  »-  o  r: 
o  o  O  O  X 

t—  in  #—  o  o 


—  < 
in  »- 
*  < 
o  o 

-J 

_J  X 
O  III 
Ul  X 
K 
10  O 
< 

.J 

UJ 

o:  < 

< 

n  n 


u  10 
< 
z 

►-4  a 

UJ 

a  n 
ui  in 
n  uj 
o  a: 
-J  CL 
<J  X 
Z  UJ 
w 

lU 

in  ct 

uj  < 

h-4 

X  > 
H-  UJ 
Z  Q 
UJ 

z 

>- 

<  X 

o 

Q 
UJ  Z 

-I  < 

Cl 

X  > 

<  tu 

n  o 


x 


H  H  J  X 
Z  Z  -J  «< 
^  3  <  X 


n 

J 


C-9 


USAr  EKL/K  WATER  POLLUTION  SURVEY-SPECIAL  PROJECT  72-1  >  MCGUIRE  AF8 
FORT  DIX»  NEW  JERSEY »  10-26  SEPTEMBER  1972 


* 

* 

* 

* 


CO 


< 

C 


******* 

******* 

******* 

******* 

******* 

******** 

******* 

******* 

******* 


******* 
******* 
******* 
******* 
******* 
******* 
***** 
***** 


*  * 
»  * 


* 

* 

* 

* 

* 

* 

*' 

* 

* 

o 

c 

* 

o 

* 

* 

G 

* 

o 

o 

* 

o 

* 

* 

IT) 

o 

c 

* 

o 

* 

* 

o 

* 

>- 

• 

• 

* 

• 

* 

* 

• 

<f 

it  it 

* 

It 

* 

* 

* 

Q 

it 

It 

* 

CM 

* 

* 

CM 

* 

H 

* 

* 

* 

* 

* 

* 

* 

* 

* 

V 

* 

H 

* 

2 

vO 

* 

* 

* 

* 

* 

* 

a 

UJ 

* 

* 

* 

* 

* 

* 

to 

* 

3 

* 

* 

* 

* 

* 

* 

o 

G 

>- 

* 

* 

* 

* 

* 

* 

• 

* 

IL 

* 

* 

* 

* 

* 

* 

Ul 

o 

* 

* 

* 

* 

* 

* 

* 

UJ 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

a: 

* 

* 

* 

* 

* 

* 

V 

Id 

lL  \f) 


cc 

*  < 

_J 

*  o 

*  G 

< 

*  z 


>- 

< 

Q 


o  o  o  o  o  o  o 

O  O  O  CD  O  O  '/) 

o  o  o  o  o  o  o 

•  •••••• 

o  CO  C\J  CO  CM  o 

vO  it  *h  tn  vO  cm 

CM  CM  «-*  ** 

H  V  V 


* 

u. 

d* 

o  o  o  o  o  o  o 

o  o  o  o  o  o  in 

to 

X 

o  O  Z>  O  O  CO  o 

>- 

O  »«.««»  « 

1 

(J 

a 

< 

vO  it  CM  it  to  ro 

a 

«-4  CM  CT*  Is-  it  •* 

G 

* 

0J  r-!  -1 

r— 

h- 

JD 

03 

u. 

V 

H 

t 

o 

CM 

* 

o 

to 

*0*0000 

*  o  *  o  o  o  in 

cH 

* 

H 

*  CD  *  O  O  O  O 

z 

>- 

*  •  *  ♦••• 

>- 

* 

►-4 

< 

*  cm  *  co  r-  to 

< 

o 

Q 

*  CM  *  CM  h*  CM 

o 

* 

CL 

*  * 

*  * 

* 

UJ 

*  *  V 

.i 

CL 

£ 

< 

to 


CM 


>- 

< 

Q 


CD  O  O  CD  O  CD  O 
O  c  O  O  O  O  LO 
o  o  o  o  o  o  o 

«•••••  • 

co  *h  h  to  in  cm 


H 

< 

Q 


******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 


******* 
******* 
******* 
*  ****** 
******* 
******* 
******* 
*  *  *  * 


*  *  * 


V  V 

* 

* 

* 

* 

* 

* 

* 

r-4 

O  O  O  O  CD  O  o 

o 

* 

* 

* 

* 

* 

* 

* 

o  CD  O  O  O  o  to 

r-». 

* 

* 

* 

* 

* 

* 

* 

o  o  o  o  o  o  o 

* 

* 

* 

* 

* 

* 

* 

>- 

>- 

* 

* 

* 

* 

* 

* 

* 

< 

vOvDOincOt 

< 

* 

* 

» 

* 

* 

* 

* 

o 

.•O  r\J  r~\  sO  r-  cm 

a 

* 

* 

* 

<• 

* 

* 

* 

to  fO  r-i 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

V  V 

* 

* 

* 

* 

* 

* 

* 

a: 

u 

H 

UJ 

-i 

X 

< 

CL 


a 

z 

cC 

l/)  to  X 

a  a  iu 

1  *  »-«  3 

G  -I 

to  o  o  Z 

ID  dl  1/1  'aJ 

K-f  O 

G  3  3  H  Q 

O  jl  *J  x  o 

lO  Q  >  O  O 

2  J 

J  J  O  J  J 

<  CL  d>  <  < 

h—  vO  to  ►-  i-  a 

O  G  ►  «  O  O  O 


Q 

z 

< 

to  to  X 

O  O  lit 


>- 

> 

ca  o  to  o  cc  o 

UJ 

o  co  o  to  in  it  o 

»-« 

D 

o  a  it  cc  h-  cm  o 

G 

•  »••••• 

M  • 

2. 

c  c  .r  c:  d  r 

C  V 

< 

t  H  t  HH 

cc  z 

UJ 

G  O 

X 

H  ^ 

K 

Z  < 

O  h- 
10  G 
icr  cl 

> 

^  CO  CM  to  do 

o  s 

UJ 

cc  o  o  o  o 

<  o 

a 

d-  r-  cm  in  to  in  c» 

G  U 

»  «  •  •  •  «  • 

£ 

in^ocCcrd 

Z  -J 

D 

tO  vC  it  CM  »— t 

H  < 

>: 

u 

l-< 

>-  t-t 

X 

l-  H- 

<r 

^  to 

X 

O  N«  * 
^  H  Z 

co  <c  o 

> 

vC  o  r*  -t  o  o 

cr  h  n 

UJ 

OCMOcCvfiO 

D  l/l  H 

G 

cocc  oincjH  o 

H  < 

»  •  •  *  •  •  • 

Z  G 

;r 

in  cm  to  in  co  it  i 

-  ^  -J 

G 

CM  in  CM  CM  K) 

to  < 

X 

H  O  > 

H  UJ  UJ 

z 

z  o 

»-« 

DDK 

X 

-1  O 

I  u  UL 

a  z 

UJ 

o  o  o  o  o  o  o 

»-*  to 

o 

O  O  O  O  CD  O  O 

Z  UJ 

z 

O  O  O  O  O  CM  o 

►h  H*  H“* 

<1 

•  »  »  •  •  •  • 

O  ^ 

ot 

CM  d  o  o  to  o 

IZtl 

to  ro  t  IT)  lO  H 

Ql  o 

•H  -H 

<C  0. 

z 

-HZ 

o 

to  <  o 

h  a  u 

»- 

>-4 

< 

z  to  to 

G 

G  UJ  < 

J 

z 

o  o  to  o 

o  o 

H 

< 

< 

o  o  o  ro  in 

.o  in 

a:  <  a 

> 

UJ 

OOOCOh 

o  o 

O  O  Id 

u 

X 

•  •  t  •  * 

•  • 

G  »-*  H 

flj  O'  H  X)  (\J 

o 

a  a  < 

G 

ct  CM  CM  dr  vC  CM 

u  Z  UJ 

<i 

iM  CM 

>  <  CaI 

V 

Z  H 

H 

w  n 

f— 

to 

to 

V  V 

CC  *  UJ 

*-< 

O  Z  G 

h- 

G  <  CL 

< 

.x 

o  o  o  o  o 

o  o 

O  X  X 

G 

o  o  o  o  o 

o  in 

U  h  < 

to 

X 

o  o  o  o  o 

o  o 

to 

X 

< 

2 


£ 

G 

X 


vO  co  o  it  co  it 

ro  it  ^  H  H  CM 
tO  fO  rH 


V  V 


o  o  o  o  o  o  o 

o  o  o  o  o  o  to 

o  o  o  o  o  <o  o 

•  •  •  *  •  <»  • 

zt  it  o  cr  in  to 

co  r;  H  cvl  -I 


a 

z 

< 

to  to  X 
aau 
*— *  ►— «  a 


G  G 

G  G 

to  o  o  z 

to  o  o  z 

to 

a  o  io  id 

•  o  to  O  Id 

H 

t't  o 

»-<  O 

►H 

u: 

J  o  o  >*  o 

G  G  3  H  O 

z 

Id 

O  vd  U  X  O  X 

O  vd  id  X  o 

X 

G 

G 

l- 

l/l  Q  >  O  U  G 

to  o  d>  a  o 

G 

UJ 

Z  G  ^ 

Z  G 

>-« 

4  • 

V 

X 

-J  Id  O  J  G  X 

GUO  J  -1 

3T 

to 

o 

<  d.  lO  <  <  O 

<  CL  O  <  ‘  L 

O 

d 

CC 

cc 

I-  O  O  H  (D  rr 

l—  lO  tO  H  H 

O  rc 

H 

x 

<c 

O  G  >-«  O  O  O  X 

O  G  »-«  O  O 

O  X 

O 

o 

Q. 

H  O  3  H  H  33  G 

h  J)  O  !-  H 

LO  O 

z 

to  i  id 

u  to  co  o 

Ul<  < 
to  G  X,  H 
LJ  0  2 

UJ  to  Id 
cr.  iu  uj  o 
o^cca: 

UJ  <  <  LJ 

O  O  CL 

►-c  r-i 

Z  Q  lj  tO 
>-»  2  < 
>-*  z 

UJ  »-*  a 
a:  v  uj 
G  o  to 
H  •  UJ  10 

<  _J  l/>  LjlJ 

a:  s.  o  a: 

Id  O  G  CL 

axux 
51  Z  UJ 

UJZw 

H  *“*  UJ 

CO  OC 

~  <  UJ  < 

10  h  H 

<a> 

OQHld 

-J  z  o 

.J  JC  Id 
O  Id  Z 
IlI>*h 

h  <  s: 

to  o  a 

<  a 

J  UJ  2 
UJ  G  G  < 

cc  <  o. 

<  X  > 
<  UJ 


2  -J  X 
G  <  X 


C-10 


USAF  EHL/K  WATER  POLLUTION  SURVEY-SPECIAL  PROJECT  72-1,  MCGUIRE  AF3 
FORT  D1X,  NEW  JERSEY t  10-26  SEPTEMBER  1972 


* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

# 

* 

* 

* 

* 

* 

* 

* 


* 

* 

* 

* 

* 

# 

# 

* 

I 

CD 

CL> 


* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

# 

* 

* 

* 

* 

* 

♦ 


I- 

2 

UJ 

ID 

-I 

U- 

Ijl 

UJ 

a 

LJ 


K 

o 


CJ 

X 

»-« 

Q 


i 

r~ 

o 


o 

Q. 

Ui 

a 

CL 

z 
< 
i n 


>- 

•a 

a 


>- 

<x 

c 


>- 

< 

a 


vO 


>* 

< 

D 


>- 

< 

Q 


>- 

< 

a 


ro 


>~ 

< 

a 


iJJiJIJIJIifiifit*?*********************## 

i£££tl5****************+************ilij 

*****##*j*jj5ris;j*s*****»********2**$*» 

***i£Jiiiii?************'**************** 

i£££££*************************#*****£*£ 

JJJJSJJIJJ****************************** 

**#S***SS#it2tiSSlJ5Jiij*i************** 

************ 

ss:s!::sis:'i!::is5*:i:**ssss5ssss:ss:8:: 
*  *  * :  l  *  l  H  U :  ?  i : 5 : 5  *  5  5  5  s  s  s : :  s s : : :  s ; : ;  s :  j ; 

8#sss5:sjs:sss:;ss:*****j5J55*****jv*^* 


*  *  *  * 


<^crcccooccco* 
ooooooooooo  * 
tncoocc.  coocc* 

•••••  ••  •  9  .  .  * 

f^K)OOvDv0O(\J(\Jv0vD* 
O'  vO  .H  io  ^  O'  lO  CM  *h  h*  * 
fO  C\J  -t  -»  * 

* 

* 


*  c  c  c  c  c  c  #  ©  in  o  o  c>  *  c*-»©©©ooc  *  o 

*  000000*00000*  LT  O  ID  fO  CM  ^  -Cf  *  -r-t 

*  o  o  n  C\i  in  vo  #  c  o  ic  c  m  #  ococr^coo*  o 

*  •  *•  •  •  *  •  *  <•••  ••*  •  •••..».* 

*  co  ro  cm  a  in  *  ro  ‘ 

*  «H  «H  *H  * 

*  * 

*  * 

*  V  * 


ro 

ro  co 

* 

* 

*H 

CM 

* 

* 

H 

* 

* 

* 

* 

*  VV  V 

V  V  V  * 

o  o  o  o  o 

o  o  c  o  o 

cr  o  o  o  o 

•  •  •  •  • 

Is-  O'  o  in  a 

o  in  — <  o 
«h  ro 


*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 


22222000000000~,0°0*O.HOOOOOO  *o 
S^SSc9oooc,“'ccococo*  in  o  in  .-t  co  r)  ri  ^  **-i 
OOOOair)QO(\]s0J-?OOO(0OK)  *  00001^00  0*0 


IO  m  OJ  =0  cf  ro  a 

CMCMvDCDCMrHCMi-i 


l  O  '/}  cc 

i  cm  in 


«  v£> 

io 


*  *  .... 

•  •  •  •  *  • 

* 

* 

* 

* 

* 

* 

* 

* 

*  V  V  V 

V  V  *  V 

o  o  o  o 
cr  o  o  -t 
O  Cm  ro  O 


o  o  o  o 

O  O  VC  *H 

-*  o  m  o 


o  o  o  o 
o  o  o  o 
rj  o  ©  o 
•  •  •  • 
Is*  CO  O  CM 
om  h 


O  O  o  o 
O  O  O  o 
o  o  o  o 
•  •  •  • 
CO  vO  CM  O 
o  K)  1^  CO 
ro  CM  CM 


—  _  -  -  wwwwwwWWU/WWVJ 

OOO  0030000000.-4  000 

ooooinoincM^coctooooorH 


SS?SSS?°SOOOOLnoo°*  O-iOOOOOO*  ooooo 

o  o  o  a  o  o  o  o  o  o  .-}  n  r-j  <--*  r--v  r-,  *  m  o  m  ^  o  <\i  -i  *  *-c  o  o  o  r* 

*  oooocoooo  *  O  —(  o  Ct  o 

*  •*•»••««#  •«••• 

*  *  ?H 

*  * 

*  * 

*  * 

*  V  V  V  V  v  *  V  V  V 


Is*  o  Is-  c*  CM  «H  CM 
CM  MD  a»  CM  — I  CM  -< 


H  OvONO 
-»  C\J  9* 


CM  cm 

Is* 


o  o  o  o 
o  o  o  o 
CM  o  o  o 
•  •  •  • 
MM  OH 
CM  3*  -I 


o  o  o  o 
o  o  o  o 
CM  o  o  o 

•  •  •  • 

N  ^  OH 
cf  «H 

•H 


o  o  a  o 
o  o  o  o 
o  o  o  o 


00000*00000000000*  o— <000000* 
5?  2  2  °  0  *  oooooooioooo*  inainoa^H^  * 
OOOOO*JDCMw00'/0OOOviDOM>*  oooocoooo* 

-  —  —  —  •••••*  *  •  •  ■  •  *  •  a  •  •  ^  V 

CMvONDvOlO^flOCM—C  *  CM 

(?*iOM)hc\jco^hh#h 

CM  CM  *H  *H  * 


h  ^  >n  lo  »h 

cm  r- 

CM 


* 

•H  o  * 
^  * 
-I  * 


ooooo 

-*  O  O  O  r* 
O  r*  O  JO  O 


*  V  V  V 


V  V  *  V 


OOO 

OOO 

OOO 

»  •  • 

Cfr  f"~  CM 
K)  *H 

ro  ro 


S2S2S5OOOOOQOOHO°*  *  OrHOOOOOO  * 

S2SS?2°«°?9000000^  *  ^  o  in  h  lo  cm  h  ^  * 

OOOOinOOJDCM-M*v0OOOOCMO*  *  OOOOrHOOO* 

••*••••••••••••••**  •»••»••«* 

^CT,  S'S^cmjocm  ^ro^vnr^oo  cm  ^-  *  *  ^  # 

jJ,cmk)vD*h*hcj»h  cm  ro  ct**  * 

^  *  *  * 

*  *  * 

V  **vvv  V  V  V  * 


OOOOO 

HHO«H 

O  o  O  CO  o 


V 


CM 


>- 

< 

Q 


>- 

< 

o 


O  O  O  O 
O  O  O  O 
Tf  o  o  o 

•  •  *  * 

r-  -<  o  «h 
CM  MD  «H 


*  o  *  * 

*  o  *  * 

*  O  *  * 

*  •  *  * 

*  ro  *  * 

*  ro  *  * 

*  *  * 
*  *  * 
*  *  * 


222200000<^00c>l,^00*u’>0,“4000000000  0  00 
oS2SSS,5OOOOOOHOO*C)inoir)r),r)(v,H^HH^or3^ 

OOOOOiniOHHHinOOO^O  *  OOOOOCOOOOOOool^O 

mocM^foocM  hovovoo'  c\imJ  , . 

CM  d-  M)  CM  -l  CM  vH  *H  CMr-<  ^*  H 

^  r*  * 

* 

V  *  V  V  V  V  V  V  V  V  V  v  V 


OOOOO 
OOOOO 
CM  o  o  o  o 

•  •  •  •  • 

h-  >t  O  K) 

CM  ^  H  l\| 

•h  ro 


o  o 
O  o 
o  o 
•  • 

CM  CM 
^  JO 
CM 


*  OOOOOOOOO* 
*000000000* 

*  OOOOOi0O-<-«* 

*  »•>•••••»•* 


*  CO  O  CO  ^  CM  CM  H 

*  CM  CM  CM  »H  — (  H 

*  H  H 

* 


*  * 
*  * 
*  * 


*  OOL0OOOinO-4OOOOO*  oooooo 

*  ooHtoooomoin^i\j(\jH#  cm  h  i  h 

*  OOOJDCMOOOOOOOOO*  O  O  o  n>  o 

CMrO  -r  *  #,H*# 

'O  * 

CM  * 


cm  *  *  -c 

*  *  CM  o 


CM 


-f  V  w  V 


V  V  * 


V 


a: 

UJ 

h- 

UJ 

X 

j: 

r>f 

< 

a. 


a  a: 
<  o 

X  J 

r  a  o 

a.  <  <j 


to  LO 
o  o 

M  H 

a  a 
l/l  o  o 
a  vi  vi 

►H 

a  o  a 

hOUlil 

a  a  a 
*-•  a  a  o 

O  tl  J1 
lc  r-  Vi  v) 
a  o  3  -i 
h  i-  i/i  a 


v> 

Q  2 
>h  a  a 
a  a  2 
a  o:  < 

V)  <C  IE 

o  u 
u  o 
a  o 

»-«  n  Z 
y-  2  ui 
•t  <{  o 
a  a  >-  a 
o  m  x  o 

>  O  O  O  JI‘UJiJ(Uia<i)l/) 

.  O  <-t  H  h  1“  KH  _J 

-J  -»  a  a  ui  o  z  h  <  j  o  a:  <«  o 

<  <  <  <  joo:  t  t  co  2 
k-  i—  o  o  a  m  >-  i—  >  -  h-  a  -j  a 

a  o  o  o  o  o  a  >h  ---i  ox  x  ^  x 

<2  2^-0000- 


2 

ia  z 

O  UJ 

a  uj 

o  a 

L-  1- 

cr  o 

<  < 

r-  u: 

xx  a 

Jj  H|- 

CL  CL  Vl 

a  2  >h 

an  < 

rQ  2 

O  O  V)  uj 

a  a  to  vi 

r.  x  a  cxi 

a 

< 
a 
v)  a 

V)  >H 
UJ  V) 

^  ul 

a  u: 

X. 

<  «Ll 

X  2  >- 
«“» a: 
J  vr  a 
S)  <  o  a 
<  r-  j  It 

n  o  x  a 

Si-U  s 


a 
►— 1 

51 

o 

a: 

X 

o 


2 

Z  UJ 

•a  a 
»-«  < 

> 

o  <  a 
n:  x  < 
X  :jJ  IJ 

u  x  a 


CD  2 

o 

c 

M  -* 


cr  rxr  _j 
u  u  Xl 
X  ^ 
a.  -i  o 
O  H  h-I 
V  /l  I 


•a 

cO 

O  ui  UJ 

n  CD  ,C  >' 
7  »h  «.<  i 

a  t  d  »h 

t  tZ  X. 

X  >“  'C  ^c 

<  o  >;  a 


>: 

a  z 

:r  a 

—i »-« 

,T  T 

5  o 
a  < 
<  u 


C-ll 


i 


ft 

* 

ft* 

* 

* 

ft 


ra 

lu 

Id 

tx 

V*ft 

3 

o 

o 

s: 


tv 

►  K 

OJ  ^ 

r-  --< 

i-  x 
o  uj 
uj  cn 

i  a 
O  d 
X  I- 

o,  a. 

iii 

.j  co 
< 

h4  O 

o  <\i 
Id  I 
CL  O 
CO 
! 

Cj  >- 

>  Id 
C£  »0 
re 


* 

* 

# 

ft 

ft 

ft 


tz 

o 

o 


c_> 

(i> 


2 

Ui 

I? 

'JL 

ti. 

ui 

a 

uj 

►- 

< 

2 

>-« 

a: 

a 

-j 

X 

u 


U- 

I 


tn  Lu 

«3 

o 

OJ 

ft 

ft 

ft 

ft 

* 

* 

* 

if- 

* 

if 

if 

if 

if 

if 

ft- 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

if 

ft 

ft 

ft* 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft* 

ft 

3 

H* 

cH 

ft 

4f 

* 

* 

* 

* 

* 

* 

* 

* 

if 

* 

if 

ft 

ft* 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

if 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft* 

ft! 

2 

* 

H* 

ft 

ft 

•X 

ft 

# 

* 

-» 

if- 

* 

if 

if 

if 

if 

ft 

if 

ft 

ft 

’if 

ft 

ft 

* 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

if 

ft 

ft 

* 

ft 

ft 

ft 

•ft 

ft! 

O  2C 

2 

>- 

ft 

* 

* 

ft 

* 

* 

* 

* 

X 

if 

if 

if 

* 

ft 

ft 

ft 

ft 

ft 

if 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft; 

»-»  u 

ft 

M 

c 

ft 

ft 

ft 

ft 

* 

* 

* 

* 

* 

* 

* 

if 

if 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

* 

ft 

* 

ft 

if 

ftt 

f—  2 

o 

a 

ft 

ft 

ft 

ft 

* 

* 

if* 

if 

* 

■» 

* 

if 

* 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

* 

ft 

ft 

ft 

ft 

ft 

if 

ft 

ft 

ft 

ft 

ftj 

3 

ft 

CL 

ft 

ft 

* 

ft 

# 

* 

* 

if 

* 

if 

if 

if 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

* 

ft 

ft 

ft 

ft 

ft 

ft! 

-J  *- 

* 

ft 

* 

* 

* 

« 

* 

* 

if 

if 

* 

if 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

if 

ft 

* 

ft 

* 

* 

* 

•K- 

ft 

¥■ 

-J  X 

ft 

Ll) 

* 

* 

* 

* 

* 

* 

if- 

* 

* 

* 

if 

if 

if 

ft 

ft 

ft 

if 

ft 

* 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

■ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

O  *“4 

J 

CL  Q 

ft 

CL 

2 

-4 

* 

ft 

ft 

* 

* 

* 

* 

* 

if 

if 

if 

* 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

c:  f~ 

* 

< 

* 

ft 

* 

* 

* 

* 

* 

•X 

* 

* 

* 

if 

if 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

if 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

* 

ft 

ft 

ft 

ft 

u  a; 

CO 

* 

ft- 

* 

ft 

* 

* 

* 

* 

# 

if 

if 

if 

* 

* 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

1-  o 

ft 

>- 

* 

* 

ft 

ft 

* 

* 

# 

if 

* 

* 

if 

if 

if 

ft 

ft 

ft 

* 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

<  Ll 

<C 

* 

ft 

ft 

ft 

•«> 

* 

> 

* 

* 

* 

if 

* 

■ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

« 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

* 

ft 

ft 

ft 

ft 

ft 

* 

* 

ft 

Q 

* 

* 

ft 

ft 

# 

> 

* 

*• 

if 

if 

* 

if 

if 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft; 

* 

ft 

* 

* 

* 

if 

if 

if 

if 

if 

if 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft- 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

* 

* 

-tf- 

* 

* 

if 

if 

if 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

if 

♦ 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

_j 

ft 

* 

* 

ft 

if* 

* 

* 

it- 

if 

if 

if 

■ft 

ft 

* 

ft 

* 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

X 

Ui 

ft 

o 

M 

x. 

* 

* 

4* 

* 

* 

AL 

* 

if 

if 

4 

if 

if 

ft 

ft 

4f 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

if 

ft 

ft 

ft 

ft 

ft 

♦ 

ft 

ft 

H 

ft 

ft 

ft 

ft 

* 

* 

# 

-K- 

■'f 

* 

* 

if 

* 

ft 

ft 

ft 

>» 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft* 

ft 

ft 

ft 

ft 

ft 

ft 

* 

ft 

ft 

ic 

IL 

ft 

ft 

ft 

# 

* 

* 

-* 

«• 

if 

if 

if 

* 

* 

ft 

ir 

ft 

ft 

ft* 

ft 

ft 

ft 

ft 

ft 

ft* 

ft 

ft 

ft 

ft 

ft 

* 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

if 

ft, 

<c 

>- 

* 

ft 

ft 

ft 

* 

★ 

■» 

•if 

* 

if 

if 

if 

if 

if 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

if 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ij 

to 

ft 

< 

ft 

* 

ft 

ft 

* 

■* 

* 

if 

ii* 

if 

if 

if 

if 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

if 

ft 

ft 

ft 

* 

ft 

ft 

•if 

ft 

ft 

3 

o 

ft 

ft 

ft 

ft 

♦ 

+ 

* 

* 

if 

if 

if 

* 

■K* 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

if 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

* 

ft 

ft 

ft 

* 

•X 

if 

if 

if 

# 

if 

if 

if 

if 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

•)f 

* 

¥■ 

ft 

ft 

* 

* 

* 

★ 

* 

if 

•* 

■ft 

ft 

ft 

ft 

ft 

ft 

ft 

* 

ft 

ft 

ft 

* 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

* 

* 

* 

* 

ft 

* 

* 

if 

* 

if 

ft 

•if 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

* 

ft 

ft 

if 

ft 

ft 

ft 

ft 

if 

ft 

* 

ft 

» 

ft 

ft 

ft 

if 

ft 

ft 

a  2 


►-*  O  Q 

5; 

* 

J  CD  2 

3 

O  X  < 

2 

-J 

* 

CO  CO  CO  <C  2 

UJ  2 

<  X 

Q  Q  O  UJ 

O  U  UJ  l  J 

3  O 

i: 

*-«►-»  LU  O 

O  CO  f— 

m  a  x 

J  J  JU 

rc  o  <  < 

CO  -ft  X 

*. 

'J)  O  O  H  H  ^ 

»-  X  XX 

UJ 

uJ  CO  o 

3  uO  CO  f-  2  tiJ 

>  aJ  *— •  ) —  XX 

ul 

2  UJ 

>-  *-i  <c  <  o 

-J  Ji*~*  l0  10 

< 

a  rx  J— 

ac 

t—  >-  3  3  3  .J  3  >- 

3  a  2  o  o 

L0  »  j 

x  2 

UJ 

* 

Ui 

♦s  f-  o  ij  u.i  o  l:  x 

Q  3  -J  CO  3  X  X 

uj  (X 

<(  J  2  id 

C^J 

h- 

2  M  u)  >  >  o  O  O  -J  X  <  uj  UJ  CL  CL 

QOl/1 

X  2  3  ~J 

U  Id  UJ 

■ft 

UJ 

►  <  o  2  .J 

O  <  >-«  w-  f— 

»-«  J 

O',  -ft 

cx  cr:  jk 

►ft  a  2 

?T. 

JXH  JliJO  J  .J  3 

-i  ^/)  3  2  <  .J  O 

(X  < JO 

.j  x  o  >:  > 

UJ  uJ  J 

2  H  <  3 

ft* 

< 

d  o  <  a.  o  <  <  < 

't  _J  O  X  X  <  x 

O  2 

CO  t  O  3  O  <  *3 

LJ  X  X 

id  2  O  »ft 

CC 

y.  j  i  i-  oi  ui  i-  t-  h 

f-  O  O  ,  J  I  K  h  h-  »- 

.J  .J  UJ  <  e-  J  iC  a:  X  *t 

2  O  X 

-J  CJ 

•-0  -C  2  X 

<i 

X  _l  O  3  O  3  -1  O  O  O 

o  o  o  -j  >  -4  »-i  o  a: 

X  -ft  X 

cn  O  X  UJ  X  Ld  UJ 

-i  X  O 

i-c  CC  >-  <1  *C 

CL 

CL<tOHhy)Q^^I* 

H-  -3  O  X  <  2  2  f-  O 

O  O  X 

1:  H  ‘ J  it  U  I  J 

*nj  -<  3  y>  2 

<t  o  x  o 

C-12 


-3 

ft 

i 


USAF  £HL/K  WATER  POLLUTION  SURVEY -SPECIAL  PROJECT  72-1#  MCGUIRE  AF8 
PORT  DIX#  NEW  JERSEY#  10-26  SEPTEMBER  1972 


# 

* 

# 

# 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

# 

* 

* 

# 

* 


> 

Id 

C 


Z 

o 


* 

T3 


< 

3 


e 

o 

o 


<x 

> 

til 


1^. 

I 

o 

or 

XI 


o 


CO 


< 

CO 


{\j^cirravccirc<viHr-tfHO'^(J'h<oifi<c(v\Occccccffccvocciroo'a'«-'o 
ococovOvor^covoino'*-‘-»ro^»04*ocovors-rooino'vooooorHr«ooooocu^oo 
Hcca<V!\Ch<voh  4-  *e  «-<  cc<  a  it  c  k.  c  <v  r*  <t  it  c.  c  c;oo«-«oocooc.o^c 


< 

Id 


cc  a  •-  %c  r  k.  i  e  \t  c  d 
-<  *H  in 


cr 

vO 


cv 

ro 


> 

Id 

Q 


Z 

r> 

z 


CMn  vD  '0  ^  i/)  o  .j  o  h  rH  a  o  >o  ^a'Oi)t)(\c0a'oaooo  t^oato  :>  ro  o  o 
K'vniocr-oor^KiKJfOd-octvCr^cc.  ctiocO'C'h-— ivDcrooooa'C.oc.ncinvDooo 
inh-4-m»-4or^K>r-*Hctf^oa'fO(\jcNjiocoo^od'OJh.aoooocots“Oo»oorovdor'o 

CyJOC\J^)COca'lOOfOO^cf'vDvD*H(^vOincrinci-vDCT'K)o 
K)  CM  Ow  ^  H  l\J  r-  — <  •-<  c\j  rQ  K)  m  in  vfi  K) 

cH  -H  ,H 


ood 

f<  Pv  vO 


IO 


K)  vO  O 
kD  iH  !n 

rO 


X 

< 


> 

Id 

o 


(MO'^fO'CMOHd-  •-»  o  O'  o  «h  o  ;*  coinr^ooiod-d-  ooooof^cor-ooroorocccoo 
voa'(\jvDf^«His'incT'rNinojo.-tovoiocor^inccvDinc\joaooovDind-oo>')oK)r-c\io 
invCK)\DHO'^(CO'>oo'vOod-ir#K)coHvD<\Jir!^covDoocco^r)vOoop)oioMno 


X 

3 


Hh^inooK)vO'D(\jw?oc\jwvO(\jvr)Hco'\OiOH<\joo 
HCJH  «h  vDHOJ^J-HrOHiOfOrO  c0  O'  rO  OJ  o 


I  I 


•  vO  cvj  r —  i 

H  H 


I  ro  |  co  cm  cc 
ro  co  r- 


z 

H 

X 


Id 

O 

Z 

< 

cr 


caoooooooooooooooooooo'ooooaooooooooooooo 

OOOCOOOCCOOOOCOOOOOOOCMOCOOOOOCOCOCMOOtHOpOOOO 

rOooooaoooooo.nmo^rHina'ooocMCMsOoocaoofOooooor-iCMoa 


HOinc\JJOvO<\JvDCCK)<MK)ClO 
iO  rO  lO  .H  3  ro  0(0  H  *-4 

CM 


•h  3  fO  (M 

in 

CVJ 


cm  in 
ro 


nC 


z 

< 

Id 


3oh-r-arooovoav'Or^oi'--Hr*-3fOor~3CMror^oino»-<oroa'3ooioovOC'r-o 
—r  o  in  uO  oo  o  ox)  ajo  ■-<  nx)r^-0*H  o  oo  h  h  x)lo  o  o  3  o  n  3  c\i  h  ♦  o  (\i  ^  h 

fOococOorod'COCM3*c\jO‘in\Oin«~ivOaD<M*.or^orocM(vjooooocoooooooorOo 


h-K)CM-rc0c0  3  3tna'OO0J0'CM 

•h  m  •»»  *h  #o  co  3  cm  3  cc  cm  --c  *-i  x 

*-i  ro  csi  «-4  •-< 


ho>  \0  vO  in  cm  .h 

CJ  H  vO 


♦  V  V  V  V 


V  V  V  V  V 


z 

3 

X 


oooooooooooooooooooooooooino— 1000000000000 
ooooooocoooooooooooooroooooinoinc'in3*H3C\j*-43oo«H 
inoooooooooooinoocMCMd-inooococM'vOooooo^rooooo^rcMroo 


X 

«x 

2: 


r-^oin.t'0(\ioco^cocr^K)^ 
c\jr^»Hcfcr--icoc\icocMc\j*-«c\i*H 
tH  ro  ro  CM  -t  -H 


CM  vO  cO  «H 
H  (Mh 
CM 


ro  ro 

vO 

CM 


V  V  V  V 


V  V 


z 

3 

z 

»H 

z 

P- c 

z 


OOOOOOOOOOOOOOOOOOOOOr-»OOOinO*HOOOOOOOOOOOO 

oaoooooooooaaoooooooooooaaLnoin«-ir^CM-rd--*<H~ioor-« 

CVJOOOOOOOOOOOOinO~«fHj'v0OOO'X>aoOOOOOts»OOOOOOO:0O 


r-rOOOCMrOvDOCCMOinCM^CM 
0'(J‘HO'lOvOcf(\JHC}’HHH 
OJ  CM  r~t 


H  \0  10  10  O'  H  CC 
OJ  OJ 

rH 


V  V  V  V 


V  V  V  V  V 


* 

in 

0  z 

O  O 

z 

★ 

J  CO  z 

3 

0  or  < 

Z 

3 

>H 

* 

l/>  in 

m  <  X 

3  Z 

< 

>: 

O  Q 

0  UJ 

O  Id 

UJ 

Id 

3 

0 

# 

»h  p— 1 

Id  Q 

O  O 

r- 

r-  in 

Q 

X 

_1  3 

3  O 

nc  0 

«t 

<  in 

*H 

X 

* 

moo 

H  H  2 

r-  or. 

X 

XU  u 

in 

0 

*-  Z  3 

Ld  *-«  H- 

a. 

x  <n  z 

id 

* 

>- 

*-1 

<X  <  <3 

JCh 

m 

m  <  0 

a 

»- 

h- 

>- 

3  0  0 

3  3  >- 

O 

0  z 

vO 

0  m  Ld  x 

z 

Ld 

* 

h- 

O  U.J  aj 

O  X  X 

O 

3  -J 

m  m 

X 

X  td  oc  < 

3 

z  u 

in 

Z 

>H 

m  a  > 

>  O  O 

O 

j  x  <  u  id  a. 

x  0  0  in  x 

>- 

3  3 

<3  Ld  Ld 

# 

M 

O 

Z  — 1 

0  <  »-« »— 

y- 

»-«  3 

h  r  p-<  < 

cr 

^3H 

0 

.3 

J  fl!  H 

JUiO 

3  3  3 

-J 

d)  O  Z 

‘X 

-j 

0  x  ^  0  3 

X  3 

Z  > 

3 

•  d  id 

*  * 

* 

< 

0 

0 

x  a.  n 

<  '-C  < 

< 

3  0  r 

r 

X 

r  0  z  n  < 

3  (3 

3  Z 

0  0 

z  a. 

>  ^ 

UJ 

3 

j 

X 

r-  m  m 

r—  r-  r— 

p-  3 

3  id  >: 

r— 

r— 

h- 

r-  -J  3  J  <  h* 

.1 

3:  X 

<  z 

oa  J  jio 

< 

✓— 

* 

r 

3  0 

3 

0  3  *h 

OOO 

0000 

v-« 

PH 

0 

vX  r  -h  x  00  0 

X 

r.d  X  UJ  Id  *h  Z  O 

M  »-» 

'X 

>- 

< 

a 

<  0 »- 

r-  J1  3 

r-  >  -  1 — 

v-  JJ 

n  z  < 

7 

~z 

r— 

0  3  0  X  £  »- 

0 

:X 

0  X 

j  m  #h  o  n  z 

•X  0 

*£ 

o  >: 
7*1  z  0 


3  r  «  -4 


~h  >:  ^ 

r  o  3 
<  3  x 
n  <  u 


C-13 


USAF  EHL/K  WATER  POLLUTION  SURVEY-SPECIAL  PROJECT  72-1 »  MC6UIRE  AFB 
FORT  OIX*  NEW  JERSEY.  10-26  SEPTEMBER  1972 


S' 

c 

e  o  o  o  e 

c  c 

c?  o  c:  c  o 

o  c 

* 

o 

o  cr 

O 

c  coo 

c  o 

o  o  o  o 

o 

o  o  o  o  o 

o  o 

o  o  o  o  o 

o  o 

* 

o 

O  LO  O  lO 

&  CM  CM 

-J-  *H 

O  O  CQ  *¥ 

O' 

O  O  O  O  C' 

cr  c* 

O  C  IT)  H  rl  (\|  W 

* 

o 

o 

o 

o 

CM  CM  O  O 

o  o 

•H  O  Is-  O 

>- 

<1 

tC 

•-»  cr  it  ro  cc 

vT  K5 

n  tr'  cl 

CC  cc 

* 

vC 

•* 

o 

<M  c\j  UO  h*  <0  O  O 

v0  CM  •* 

* 

•h  IT,  »-<  IO  CM 

•H  10 

CM 

* 

V  V 

* 

* 

V  V 

V 

V  V 

V  V 

V 

CO 

o 

O  O  O  O  O 

o  c 

o  o  o  o  o 

o  o 

o 

o 

o  o 

* 

o 

o  o  o  o 

o  o 

o  o  o  o 

o 

O  O  O  O  O 

o  o 

CO  o  o  o 

o  o  o  o  o  in 

* 

in 

cc  ro  cm 

ro  o  o 

CO 

o  o  oo  o 

a  o 

o  o  o  — <  «-<  r-  ro 

o 

a  o 

* 

o 

^  .n  o  o 

o  o 

^  *  vO  o 

>- 

< 

\£  *H  C\J  O  OJ  v£ 

vC 

CM  IO  tO 

VO  cc  ^ 

CM 

* 

in 

D 

to  o  —•  cc  k: 

CC  Vt 

c*  CM 

v-1 

*-< 

* 

»*  J5  CM  HO  K) 

U5  •* 

•* 

* 

* 

V  V 


V  V  V  V 


* 

r- 

* 

* 

* 

* 

* 

* 

•> 

* 

* 

* 

* 

* 

* 

* 

* 

fr 

* 

* 

* 

* 

>- 

* 

* 

* 

* 

* 

* 

< 

* 

* 

* 

* 

* 

* 

* 

o 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

NO 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

>- 

* 

* 

* 

* 

* 

* 

* 

< 

•  * 

* 

* 

* 

* 

* 

o 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

• 

* 

* 

* 

* 

* 

* 

* 

H* 

in 

* 

* 

* 

* 

* 

* 

* 

2 

* 

* 

* 

* 

* 

* 

UJ 

* 

* 

* 

* 

* 

* 

* 

>- 

* 

* 

* 

* 

* 

* 

-1 

< 

* 

* 

* 

* 

* 

* 

* 

X 

Q 

* 

* 

* 

* 

* 

* 

2 

* 

* 

* 

* 

* 

* 

* 

»-* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

< 

* 

X 

3* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

CO 

1 

X 

* 

* 

* 

* 

* 

* 

KW 

>- 

* 

* 

* 

* 

* 

* 

u> 

o 

< 

* 

* 

* 

* 

* 

* 

Cl 

Q 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

f  ^ 

jj 

■jj 

V 

X 

"3 

u. 

* 

* 

* 

* 

* 

* 

1— 

1 

H 

* 

o 

IO 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

K- 

* 

* 

* 

* 

* 

* 

2 

>- 

* 

* 

* 

* 

* 

* 

* 

FH 

< 

* 

* 

* 

* 

* 

* 

O 

Q 

* 

* 

* 

* 

* 

* 

* 

X 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

UJ 

* 

* 

* 

* 

* 

* 

-J 

* 

X 

CM 

* 

* 

* 

* 

* 

* 

* 

< 

* 

* 

* 

* 

* 

* 

to 

* 

* 

* 

* 

* 

* 

* 

>- 

* 

* 

* 

* 

* 

* 

< 

* 

* 

* 

* 

* 

* 

* 

a 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

H 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

>- 

* 

* 

* 

* 

* 

* 

* 

< 

* 

* 

* 

* 

* 

* 

a 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

# 

* 

* 

* 

* 

* 

'  * 

* 

* 

*  *  * 
*  *  * 
¥  *  * 
¥  ¥  ¥ 
★  *  * 
*  *  * 
*  *  * 


*  *  * 
*  *  *  * 


¥  ¥  * 

«■  *  * 

¥  ¥  * 

¥  ¥  ¥ 

¥  *  * 

*  *  * 
***** 
*  *  *  *  * 


*  * 

*  * 
*  * 
*  * 
*  * 
*  * 
*  * 


*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
¥  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 


*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 
****** 
****** 


*  * 

*  * 

*  * 
*  * 
*  * 
*  * 
*  * 


*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 


********* 
********* 
********* 
********* 
********* 
********* 
********* 
********* 
**  ******* 


*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 


*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 


***** 
*  *  *  *  * 
*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 


****** 

****** 

****** 

****** 

****** 

****** 

****** 

****** 

****** 


**  ***************** 
******************* 
******************* 
******************* 
*************  ****** 
************  ******* 
******************* 
******************* 
**********  *  ******** 


*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 


*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 


****** 
****** 
****** 
****** 
****** 
****** 
****** 

******** 


*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 


******* 
******* 
*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 


****** 


******* 
******* 
********** 
********** 
********** 
********** 
********** 
******  *  *  *  * 
********** 


*  *  *  *  * 

*  *  *  *  * 

***** 
*  *  *  *  * 

*  *  *  *  * 

*  *  *  *  * 

*  *  *  *  * 

****** 
*  *  *  *  * 


*******  * 
*  ******* 
******** 
******** 
******  ** 
******** 
******** 
******** 
******** 


****** 

****** 

****** 

****** 

****** 

****** 

****** 

****** 

****** 


****** 

****** 

****** 

****** 

****** 

****** 

****** 

****** 

****** 


********* 
********* 
********* 
********* 
********* 
********* 
**  ******* 
********* 
********* 


*  *  *  *  *  * 
****** 
****** 
****** 
****** 
****** 
****** 
****** 
****** 


***** 
***** 
*  *  *  *  * 

*  *  *  *  * 

***** 
*  *  *  *  * 

*  *  *  *  * 

*  *  *  *  * 

***** 


*  *  *  *  * 
***** 
***** 
***** 
***** 
***** 
***** 
***** 
*  *  *  *  * 


***********  ************** 
************************* 
************************* 
************************* 
************************* 
************************** 
************************* 
************************* 
************************* 


x 


IU 


tO 

V-  »-4 

H*  _J 
h  O 
2  tO 

»-w 

_J  -J 
<  C 


X  -I  o 
a.  <  h- 


to 

a  2 
o 
-J  co 

o  x 

tO  tO  tO  < 

o  a  u 

*-<•-«  Ui 
-J  -J  -J  o 
o  O  >-*  F-t 
j)  in  h-  z 
<t  <f. 

o  a  _  i  o 
ia  joao 
CJ  >  >  O  L> 

Id  O  -J  _J  -3 
•X  -0  <  •*  < 
tO  tO  l—  r- 


2 

aJ  2 

O  Ui 

o  o 
cc  o 

h-  X 


>: 

o 

x 

X 

o 


u  UJ 
f-  v- 
<  < 

X  I  u 
X  CL  tO 

X  tO  to  <  H 

2  O  O  Ui  X 

_J  </)  CO  X  X  X  aJ 

X  <  Ui  Ui  CL  Q.  O  to  X)  -J 

<  Hhn  _!*-*<  x  rr 

O  2  h  <  J  O  ij  O  ^  ii  ili 

-j  o  x  x  <  x  x  to  ;>  <  3t)  2n.> 

i  ui  ^  h  h  h  ^  j  jj  t  x  <  x  ::  o  x  j 


O  »-«  o  o  o  o  -j  s:  >-*  *-«  ;>  x  x  ox  tl  ui  x  o  »-i 

71  a  h  h  r-  ^3  ^  <  .1  Z  h  O  O  (l  X  y  X  J  N  h  U 


Hi 

tO 
U  UJ 
.J  C3  X 
aJ  *-«  < 

:r  s> 

U>  <  X 

M  >-  < 
2  0  2 


2 

X)  X 
2  ZJ 
U  H  ►  * 

h  >;  2 
x  x>  a 
<  J  <C 
U  <  O 


cr  if 

X  2 
D  O 

H 

H 
2  <X 
O  h- 
CO  Z3 

*  a 
o  2 
<r  o 
O 

2  -J 

F-  <T. 

U 
>*  FH 

F-  h- 

»-«  tO 
Q  »-#  o 
fh  2 
CO  <c  o 
Ct  h  h 
X  l/)  h- 
H  < 

2  Z> 

-  _1 
to  < 

H  o  > 

»-*  Ui  Ui 
2  O 

15  z>  x 
-J  o 

XUlL 
Cl.  2 
F*t  tO 
2  LlS 
V—  l — 

O  f< 

X  2  to 
CL  O 
<  X 
~  H  2 
10  <C  O 
h  a  o 
»-« 

2  tO  tO 
Z5  Ui  < 
h* 

x  ^  a 

o  o  UJ 
J  Hh 
O  Q  < 

U  Z  bJ 
^  X  QZ 
<-  f- 

X  u 

to 

CC  •  UJ 
O  2  -J 
J  <n. 
0X2 
O  H-  *rX 

UO  • 
-  to  I  UJ 
U  to  ill  o 

UJ  <  < 
1/1  J  Kl- 
UJ  0  2 
UJ  to  UI 
CC  UJ  UJ  o 
O  H-  X  X 
UJ  <  <  u 
a  o  x 

t-l  1-1 

2  a  uj  to 

•-J  2  < 

«-»  2 

UJ  O 

XV  UJ 

z>  o  to 

h-  •  UJ  tO 

<  J  X.  UJ 

X  \  o  cc 

UJ  O  JOL 
X  2  O  X 

2  2  LJ 
UJ  2  w 

I—  ►-«  IJ 
to  X 
••  <  UJ  <c 
to  V-  FH 

3  <  X  > 
OQH'jJ 
-J  2  Q 
-J  X  ui 

O  UJ  2 
X  X  >-  f* 

h-  <  X 

to  o  a 

<  Q 
J  UJ  2 

UJ  -J  -i  <c 
X  <  0, 

<  X  > 
•  <  UJ 

to  to  to  o 

I —  H 

H  H  JK 

2  2  J  < 
J  D 


to 

J 


C-14 


USAF  EHL/K  WATER  POLLUTION  SURVEY -SPECIAL  PROJECT  72-1*  MCGUIRE  APB 


* 

« 

* 

» 

* 

* 

* 

* 

* 


* 

* 

* 

* 

♦ 

# 

# 

* 

# 

* 


* 


*  *  *  *  *  *  #  o  o  *  *  *  *  *  *  #000*00000000000 

*  *  *  *  *  *  *  O  O  #  *  *  *  *  *  *  d-Oin^rinHh(\JH^HhOC0.H 

*  *  *  *  *  *  *  O  O  *  *  *  *  *  *  **HOO*O.Hv0OOO3-«OOO 

*******  •  •*#*****  •  •  •  *  ••••••••••• 

******#inh>*******  r-  *  «h  cm  «h 

*******vOc********  * 

*******d>cu*«****«  * 

*******  *******  * 

*******  *******  V  *  V  V  V  V  V  V 


#o#o**#oo##  *  *  *  #  #  OOOr-IOOOOOOOOOOO 

*0*0**  *  o  o  *  *  *  *  **  *  CO  o  IT)  o  IT;  if)  eg  CJ  r«)  4  h  wo  vDh 
*0*0***00***  ****0c*000t*<\]0000iH0cJ-0 

*  •  *  •***  . . . .  •  •  •  • 

*o*o*#*c\jr^*******  r-  .h  -«  «h 

*ro*vO***oin***  *  *  *  * 

*H*H*#^m(v**#  **** 

*  *  **#  ******* 

*  *  ***  ***##**v  V  V  v  v  v  v  v  v 


* 

* 

* 

« 


o  ooooooooo 

— «  OOOOOOOOO 

h-  0  0030000 

>-  ••••••••» 

<  vOCvjcfOcfvOOCO'H 

Q  (\J  3  C\]  .\I  OJ  t  <3 

•h  in  cm  m  ro  — i  d-  cm 


o  ooooooooo  *~f 

OOOOOOOO'OlDO 

uOOHH^OvOOOWOO 


O'  rO  h  CO  rQ  r- 

C\J  *H  *-i  «-t 


OOOOOOOOOOO 
in— iNMtMd-HHOCOH 
O-HfOOOOOvMO-HO 


CM  — <  «H 


* 

* 


V  V 


V  V  V  V  VV  V  V 


* 


* 


in 

* 

Q 

3 

►H 

o 

X 

* 

-J 

T) 

z> 

o 

x 

X 

H 

* 

in 

in 

in 

< 

id  2 

>: 

Q 

o 

o 

O  bJ 

Li  Id 

o 

* 

H 

» •« 

*3 

O  '3 

F-  F— 

X 

3 

-j 

o 

X  O 

<  < 

X 

* 

in 

o 

o 

H 

>-4 

h-  X 

X  X  LJ 

<3 

3 

n 

in 

F- 

►H  F- 

ol  cl  in 

* 

y- 

H 

< 

< 

z  >-« 

n  in  < 

F— 

DC 

H- 

3 

o 

3 

3 

o 

z 

0  0  3 

Z 

3 

# 

jJ 

H 

o 

.jJ 

3 

O 

X 

o 

3  in  m  x  x  x 

X 

LJ 

in  s: 

h- 

Z 

\A 

a 

> 

> 

o 

u 

X.  <  13  Id  CL  iL  O  </> 

3 

3 

Id  Id  3 

* 

Id 

z 

-J 

<  hh 

H* 

3 

M 

< 

XX30ZXZ0 

"2L 

3 

-J 

3 

O 

3 

3 

3 

Q  Z  *-4 

<  3  O 

O 

>: 

ui 

3  3  *-« 

<3.-4  -4 

* 

< 

< 

a: 

a. 

n 

< 

< 

X 

3  O  X 

X  <  X 

T 

n 

o 

< 

3 

3 

X  X 

>  X 

3 

0  *  X  X 

or 

< 

f- 

m 

n 

*— 

t  - 

o  u  :  h- 

F—  H*  F— •  3 

3 

<x 

X 

X 

<{ 

3 

O  X 

J  3  C 

Z  X  D  O 

# 

< 

X  3 

o 

3 

-H 

o 

o 

o  o  3  >: 

M  O  3C  H 

X  J)  X 

3  Id  -«  X  O 

H  »-• 

>- 

<  <  3  < 

CL 

Q.  < 

f- 

J) 

3 

F— 

F— 

F- 

3  x  <  z 

z  ►-  o  o  x 

X  O 

X  Q  <  3 

C- 1 5 


i 


NOTES:  UNITS  ARE  AS  FOLLOWS:  TEMPERATURE  IN  DEGREES  C»  COLOR  IN  COLOR  UNITS#  PH  IN  PK  UNITS.  TURBIDITy  IN  JACKSON  TURBIDITY 
UNITS.  ALL  OTHER  DATA  IN  MG/L.  <  INDICATES  LESS  THAN,  n  INDICATES  DATA  NOT  INCLUDED  IN  STATISTICAL  COMPUTATIONS. 

ALL  SAMPLE  DAY  ENTRIES  INCLOSED  IN  C  3  ARE  GRAS-SAMPLES  TREATED  AS  COMPOSITES  FOR  EVALUATION. 

MAX  DEV  AND  MIN  DEV  ARE  EXPRESSED  AS  PERCENTAGE. 


USAF  EHL/K  WATER  POLLUTION  SURVEY-SPECIAL  PROJECT  72-1 t  MCGUIRE  AFB 
FORT  OlXr  NEW  JERSEY.  10-26  SEPTEMBER  1972 


* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

# 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

~o 

4-> 

C 

o 

o 

u> 

1 

'■> 

CD 

s 

fO 

h- 

* 

* 

* 

* 

# 

* 

•* 

* 

# 

* 

* 

vr 

* 

* 

* 

# 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 


2: 

o 

M 

»- 

< 

3 

< 

> 

3 

3 

< 


to 

H 

J- 

c 

H 

3 


> 

3 

c. 


< 

UJ 

J£ 


> 

UJ 

Q 

X 

13 


X 

< 

s 


> 

UJ 

o 

5: 

3 


u» 

<!> 

< 

<r 


2: 

< 

UJ 

s 


^  o  O'  cr  CC  C"  C  C  C  OJ  C  C  :t  vD  c  h  CCCCW^ChCOHvCWO 

v0OC0lf)h(Svi)\0OCC\iOC^inOHOOOO.tlf)OOOO(M0rtO 

c  1;  c;  h  h  cc  vC  ^  -•t  c  a  c  c  cr  r  c  c  vC  c  c  t  c  (\j  c  c  c  c  c  io  fv;  c 


u  a  cr  k:  vC  c\  vC  3  cm 
CM  <\J  CM  — -i  cr  KJ 


*-  <\  •- 


h  co  h  h  o»  i  ^  i  h  ^  o  h  o'  *  r-  o  o  o  o  n  o  o  o  o  co  o  cm  o 

h  C  K)  C.‘  c  K!  ^  C  1/)  (V  ac  C  (C  (V  IT,  c  C  O  C  C'  W  CD  C  c:  mnin  c 
^^NHPJ0j^.Tf0(<')ajOOl')l>-i'-(3OOOOCCWOinQON(\ll0O 


HtNJHWO 
ir  cr  if  1 


•-«  o 
in  ro 


r- 

cc 


co  vo  in 
o  in  cj 


H<0eD0'Mni/1^0'ONOOH(\Id-hOOOOO0'OOCO'i3in^O 

r^vDor--»coo'in*-»vDO'oomO'<v;vDooooccoooooinr^cto 

^0'ccr-a'oooi^^tnoo«H<;'Nroooooio<Mcinooci,cocro 


»HlOcfv£)0>CCcOl^r-LOCM  i 

rH  «-«  «-»  fO 


|  7HHC0O  | 

CM  *H  C\J 


i  o  o'  1  r-  1 
rO  3  10 


J  *-<«-<  to  l 

in  cm  cm 


ooooooooooooooooooooooooooooooo 

ocoooooooooooooov^cuooGrO-tcCJocroooo 

<MOOooooootninooO'3,oo*Oooo«-<iOooootOOf'»o 

ocJ-LOacach'CC’H.'t  ctcfin  ct  •-« 

vD  VO  in  Ct  fOvDCM 


aor-ar^iOooooiOooror-ocooa-HococMOvOOOvGooo 

OO^)J)v0l0OOOOf0OO^UO0'OinOJ)inOMH^HODMH 

(COvDWvOfOOlOOinCOHHCOlOOOOOOOH^OOOOWCM^O 


vOvnrJ-MJJwOinmcQsOCM 

cm  in  co  in  ••  i  o  r-  cm  cm  *h 


CD  CO  vO  cQ 


cu 


V  V 


V  V  V 


V  V  V  V 


2: 

3 

s: 

H 

X 

< 

2 


£ 

3 

2: 


OOOOOOOOOOOOOOOOOOO^IOOOOOOOOOOO 
0000000000000000  cj‘Oinoinci,toc\jK)cr’**«K)ooj*H 
a'ooooooooino-r-iwvOOo^oooocMinoooocror^o 


\OH<MO(\J'flrOHtOO'rO 
tOO'CvlcOtOCJ'XJOCJ^ 
H  ;X)  CM  iO  fO  H  if)  C\1 


vH  CO  CO 


CM 


in 


CM 


V  V 


V  v  V 


V  V 


0000000000000000000^00000000000 

oooooooooooooooorconoin-iCMCM^.t^(ooco*H 

r^oooooooooin^wr-<Moocrooo-4cMoooo^ooo 


vo*Hcoinctco»nrocMinoj 

cm  cm  in  cm  co  co  o  ^  cm  «h 
h  in  h  kj  c\j  to  ,  -{ 


vD  co  cr 


vD 


V  V 


W  V 


V  VV  V 


in 

o  z 
*-»  o 

3  cn 

o  cc 
in  in  m  < 

3  Z 

3  3 

a  o  o 

O  3 

H  l4iJ 

O  O 

3  3  3  0 

or  o 

-c  < 

l/IOOH  H 

J—  cc 

X  X  UJ 

o  n  in  z 

H  'f— 

x  a  n 

>*  ►-*  <  *x 

z 

3  n  < 

1—3  15  O  J  JO 

z 

o  o  UJ 

►*«  O  3  3  o  ac  o 

3 

3  3  X  X  X 

z  in  o  >  >  o  u 

X  't  3  3  a.  Q.  VD 

2:  J 

J  JiJO  J  J  J 
-t  <  CL  1/5  <  <5 

xC  c-  3  3  J—  J—  t— 
X  J  o  3  -«  3  O  O 

a.  <  >-  3  a  >-  >— 


>: 

o 

oc 

X 

o 


2: 

X  3 
3  -J 

<  w  H  p  H  3  »-«  < 

O  Z  -4  <  3  O  ^6  o  s  > 

3  o  x  r:  -X  x  :  yi  3  <  o  u 

3  j  »  h  1-  h  j  :ij  <  r.  x  -x 

O  X  H  H  o  CC  H  m  t  .llajH 

3  ^  <  :r  x  v-  o  o  0.  x  o  j:  3  n 


QC  X 

UJ  UJ 

.z  X  > 
o  a.  3 
x  o  *■< 

-h  O  3 


Ul 

in 
IJ  3 
JQZ 
l  J  >-  *  < 
X  '  O 
O  <  Z 

H  >-  < 

X  *3  jL 


3 

?:  z  3 

D  »-#  -f 

-t  i  >: 

X  3  3 
«-t  3  <C 
3  <  O 


>- 


a  1/ 

(X  2 
3  C 

H  ^ 

H 

2  < 

C  5— 
l/)  3 

v  a 

O  5! 

<c  o 

3  CJ 

Z  3 

^  < 

CJ 
y~  h 

H-  »- 

H<  l/> 

o  • 

W  w  z 
CO  <  O 
or  h  h 
3  in  h 
H  < 

Z  3 
-  r-<  3 
to  < 

h  a  > 

m  u  LI 

z  o 

3  3  Cti 

3  O 
IuL 
CL  Z 
»h  m 
Z  UJ 
»-«  V-  J- 

o  >-« 
x  z  in 
a  o 

<  a 

•>  H-  X 

0*5  <  O 

h-  a  <j 

K 

zinin 

3  UJ  < 

I— 

n:  <c  a 

O  (J  UJ 
3  »| 

o  a  < 

O  Z  UJ 

>-*  cc 

2  J- 

p :  s 

in 

or  <-  uj 

O  Z  3 
..J  <  Q- 

o  x  s: 

U  H  < 

in  • 
•>  in  i  uj 
u  in  cd  o 
UJ  <  < 
LO  3  X  h- 
UJ  O  Z 

uj  in  iij 

CC  IlJ  UJ  u 

o  >-  cc  a: 
uj  <  <  UJ 
o  <j  a. 

i-»  n 

zouin 

HZ  < 

^  z 

UJ  HO 

or  v  uj 

3  a  in 
h-  •  uj  in 

<  3  in  uj 

o:  \  o  x 

UJ  O  J  CL 
0.  21  O  X 
51  Z  IJ 
UJZ  H 
I —  H*  U 

in  cc 

<  UJ  «x 

*  in  h-  *-» 

<  QC 

O  O  H  ill 

3  z  a 

3  X  3 
0  3  Z 
U.  X  >* 
h 

moo 

<  a 

3  3  Z 

3  3  3  < 
X  <  a 

<  >Z  ■> 
•  <  3 

m  m  m  a 
j—  i- 

►-i  »-«  3  X 
Z  Z  3  < 
3  3  <  ;* 


n 


o 

z 


C~16 


USAF  EHL/K  WATER  POLLUTION  SURVEY-SPECIAL  PROJECT  72-1 »  MCGUIRE  AF3 
FORT  DIXr  NEW  JERSEY »  10-26  SEPTEMBER  1S72 


O' 

o  c  c  o 

* 

o  o  o  in 
o  o  o  o 

« 

>- 

•  •  »  • 

< 

it  cv  in 

* 

o 

•J)IMh 

•-«  tr>  cj 

♦ 

V 

* 

* 

CO 

o  o  o  o 
o  o  o  in 

# 

o  o  o  o 

>~ 

•  •  •  • 

« 

< 

in  m  r- 

c 

CC  CO  <M 

J» 

C\J  CM 

# 

V 

tt 

* 

r* 

*  *  #  * 
*  *  *  # 
*  *  #  * 

•X 

>- 

*  *  #  * 

< 

*  *  *  # 

Q 

*  *  *  * 

* 

h- 

*  *  *  * 
*  *  *  * 

* 

* 

♦ 

ft 

ft 

ft 

cr> 

i 

o 

<1J 

jD 

fO 


UJ 

3 


U. 

2 


cl 

uj 


oc 

< 


>- 

cl 

< 

z 

H 

oc 

X 

X 

t-i 

Q 


I- 

II 

f 


>- 

< 

Q 


in 


> 

<i 

o 


>- 

< 

Q 


O  K) 


O 

CL 

UJ 

3 

CL 

2 

< 

l/l 


V 

< 

a 


cm 


>- 

< 

o 


< 

a 


*  #  ft  ft 

*  *  *  ft 

*  *  *  * 
*  *  *  * 
#■*•** 
*  *  *  * 

*  *  *  ft 

*  *  *  * 


*  *  *  * 
■*  *  *  * 
*  *  *  * 
*  *  *  * 
*  #  *  * 
*  *  *  * 
*  ♦  *  # 
*  *  *  * 
*  *  *  * 


*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  li¬ 
ft  *  ft  * 

*  *  ♦  ft 

*  *  *  * 


*  #  #  * 

*  *  *  ft 

*  ft  ft  * 

*  *  ft  * 

*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  ft  * 


*  *  #  # 

*  *  ft  ft 

*  *  *  * 
#  *•  *  * 
*  *  *  ■* 
*  *  *  * 
*  *  *  * 

*  *  ft  * 

*  *  *  * 


*  ft  «  * 

*#>■** 

*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 

*  ft  *  ft 

*  *  *  * 


CM 


>- 

< 

a 


>- 

< 

o 


>- 

< 

o 


*  *  *  o 

*  *  *  in 

*  *  *  o 

*  *  *  • 
*  *  * 

ft  ft  ft 
*  *  * 

*  *  * 

*  ft  #  v 


ft  ft  ft  o 

*  *  *  in 

ft  ft  ft  o 

*  *  *  • 
*  *  * 

*  *  * 

*  *  * 
ft  ft  * 
ft  *  *  V 


*  *  o 

*  *  in 

*  *  o 

*  *  • 

*  ft 

*  * 

*  * 

■*  # 

*  *  v 


> 

u 

c 


< 

tL 

>: 


c  c  c  c 
o  o  o  o 
circc 

•  «*  •  • 

c  a  sc 

3  3 


c  i r 
*  2 
15  O 


Z  < 
O  K 
in  3 
v  a 


> 

.  onm  q 

CJ  z 

UJ 

crnno 

<r  O 

Q 

o  r-  o 

“5  O 

•  •  •  • 

S 

cj  r-  CM 

Z  -1 

3 

H  <x 

Z 

o 

►H 

X 

>-  h- 

< 

^  in 

o  • 

HhZ 
03  <  O 

> 

o  to  in  o 

KhH 

UI 

OIOHO 

z>  in  h- 

Q 

oh>o 

H*  < 

•  •  •  • 

Z  3 

Z 

cm  r-  cj  i 

*  *-•  -J 

3 

to 

in  < 

Z 

K  Q  > 

t-4 

UJ  UJ 

Z 

z  o 

»-< 

3  3  CL 

z 

~J  o 

X  o  u 
CL  Z 

UJ 

o  o  o  o 

>-*  in 

ID 

o  o  o  o 

Z  UI 

z 

o  a  o  o 

►-»  1-  r- 

< 

•  •  •  « 

O  »-4 

CL 

o  cm 

x  z  in 

CO  O'  -4 

CL  O 

z 

o 


< 

3 

-J 

< 

> 

UJ 


< 

o 


< 

h 

in 


z 

o  o  o  o 

< 

O  O  o  uO 

UI 

o  in  o  o 

z 

•  •  •  • 

n  n  h 
cm  r-  CM 
-H  CM  CM 

V 

z 

o  o  o  o 

3 

o  o  o  in 

z 

o  o  a  o 

H 

•  •  •  » 

X 

in  cm 

< 

sO  CM  CM 

z 

-4  to  CM 

V 

z 

o  o  o  o 

3 

o  o  o  in 

Z 

o  o  o  o 

►-« 

»  •  •  • 

z 

in  in  in 

H 

CQ  CM  rH 

z 

CM  CM 

<  CL 
-  H  Z 

in  <  o 

H  Q  O 

H 

z  in  in 
3  3  < 

H 

cl  <  a 
o  uu 

3  I- 

O  Q  < 

U  Z  UJ 
»H  CL 

Z  h- 

*-•  n 

in 

cl  •  uj 

O  Z  3 
3  <  X 
o  x  >: 

O  H  < 

in  * 

.  -  in  i  uj 
u  in  cn  id 
ui  <  < 
in  j  o:  h 
UJ  ID  Z 

u  in  ui 
cr.  uj  uj  o 
o  h-  cl  a: 
ui  <  <  uj 

q  o  CL 

*-«  r~t 

z  o  uj  in 

h-c  Z  < 
►-4  Z 

IJ  H-l  O 
CL  V  bJ 

3  a  in 
h-  •  ui  in 
<  _j  in  uj 
CL  \  o  CL 
UDJfl. 
Q.  EU  X 

s:  z  iiJ 

l.J  Z  « 

H-  hh  UJ 

in  cl 
•-  <  u 

in  h  m 
<  a:  > 
OQHU 
.J  Z  Q 
-J  OL  UJ 
O  UJ  Z 
U.  X  >-  *-4 
H  <  Z 
in  o  3 


<  a 

3  UJ  z 

-ft- 

in 

in 

in 

UJ  3  3  < 

o 

a 

o 

CL  <  X 

& 

i-i 

►4 

<  JL  > 

.j 

J 

•  <  UJ 

ft 

o 

o 

o 

in  in  in  a 

m 

in 

in 

J—  h- 

•ft 

3  X 

CL 

Q  3 

<L 

3  3 

a  3 

Z  Z  3 

UJ 

UJ  O 

Z 

UJ 

UJ  o  z 

ui  o 

z 

3  3  <  Z 

J- 

O  U 

3 

H 

O  U  3 

a  o 

3 

ft 

UJ 

7 

UJ 

Z  >-4 

z 

H 

X 

UJ  -J 

X 

/. 

\  ij  _l  z 

UJ  3 

z 

CO 

«> 

< 

0.  < 

o 

< 

X  <  o 

X  < 

3 

3 

.0  1- 

3  CL 

CL 

m  i—  o  cl 

in  V~  3  CL 

l~ 

-ft 

<< 

3  o  or 

3  O  O  X 

3  O  O  X 

O 

X 

wT  h-  03  » J 

in  t- 

U  <J 

C- 17 


USAF  EHL/K  WATER  POLLUTION  SURVEY-SPECIAL  PROJECT  72-1#  MCGUIRE  AFfJ 
FORT  OIX»  NEW  JERSEY  t  10-26  SEPTEMBER  1572 


# 

fit 


O' 


>- 

< 

Q 


CO 


>- 

<i 

G 


>- 

< 

Q 


o  o  o 

O  O  i/} 

a  o  o 


•  •  • 

>- 

vC  K) 

z> 

c  c  c 

»- 

CO  CO 

Ul 

o  o  o 

1-4 

cH  «r-< 

c 

c  c  c: 

o 

0  *  • 

f-~<  * 

V 

x 

vC  r 

ft  in 

< 

o 

CL  2 

U' 

3  O 

o  o  o 

2 

H  «-» 

coin 

h1 

o  o  o 

2  < 

in  it 


fit  fit  * 
fit  *  * 

*  fit  fit 

*  *  * 
*  *  * 
*  •*  * 
•fir  *  * 
*  fit  * 


> 

UJ 

a 

3: 

D 

X 

»-» 

x 

< 

2 


<M  O  O 
•H  O  O 

o-  in  o 
»  •  » 

O'  <M 

in 


H 

fit 

fit 

fit 

> 

<\IOO 

* 

2 

UJ 

.-4  0  0 

Ul 

o 

cf  in  o 

fit 

3 

v0 

fit 

fit 

fit 

•  o  •• 

-J 

fit 

fit 

fit 

2 

a  cm  i 

fit 

U- 

fit 

fit 

fit 

3 

m 

U 

>- 

•fit 

fit 

fit 

2 

* 

Ul 

< 

* 

fit 

fit 

»-« 

o 

* 

fit 

* 

2 

* 

CL 

# 

fit 

fit 

V-4 

UJ 

* 

fit 

fit 

2 

* 

* 

fit 

fit 

u 

* 

>-« 

10 

o  o  o 

CL 

in 

* 

fit 

fit 

O 

o  o  o 

* 

< 

* 

♦ 

fit 

2 

o  o  o 

3 

fit 

fit 

fit 

< 

•  *  • 

* 

3 

>- 

* 

fit 

fit 

a 

CM  vO 

< 

fit 

fit 

fit 

IO  CM 

fit 

>- 

a 

* 

fit 

fit 

•H 

CL 

* 

fit 

fit 

2 

fit 

< 

•» 

fit 

fit 

O 

* 

fit 

fit 

F-4 

fit 

►H 

1- 

CL 

< 

* 

CL 

:* 

* 

fit 

fit 

3 

* 

fit 

fit 

2 

o  o  o 

o 

X 

* 

fit 

fit 

< 

< 

o  o  n 

rJ‘ 

H-4 

>» 

*r 

fit 

fir 

> 

Ul 

o  o  o 

o 

a 

< 

* 

fit 

fit 

IJ 

2 

•  •  • 

Q 

* 

fit 

fit 

o  o 

Q1 

• 

* 

fit 

fit 

-J 

Is-  CM 

r— 

i'¬ 

fit 

fit 

< 

*-!  r-f 

_Q 

ll. 

* 

fit 

fit 

O 

• 

»-• 

to 

I- 

* 

a 

fO 

■fit 

fit 

fit 

<\J 

fit 

fit 

o 

in 

V 

* 

fit 

fit 

*-fi 

fit 

fit 

in 

H-4 

fit 

»- 

* 

fit 

fit 

fit 

fit 

o 

2 

>- 

fit 

fit 

>- 

fit 

fit 

• 

< 

2 

o  o  o 

fit 

K4 

<t 

* 

fit 

fit 

< 

* 

fit 

K 

3 

o  o  in 

o 

Q 

* 

fit 

fit 

Q 

fit 

fit 

in 

2 

o  o  o 

fit 

a. 

* 

fit 

fit 

fit 

fit 

H 

•  •  • 

* 

fit 

fit 

fit 

fit 

X 

vO  to 

fie 

UJ 

fit 

fit 

fit 

fit 

fit 

V 

< 

CO  CO 

3 

2 

r-fi  c-l 

fit 

CL 

2 

CM 

* 

fit 

fit 

vH 

fit 

fit 

o 

fit 

<C 

* 

fit 

fit 

* 

fit 

in 

in 

•fit 

fit 

fit 

fit 

fit 

a 

V 

fit 

>- 

fit 

fit 

fit 

>- 

fit 

fit 

• 

< 

« 

fit 

fit 

< 

fit 

fit 

* 

Q 

fit 

fit 

*• 

Q 

fit 

fit 

2 

o  o  o 

fit 

fit 

fit 

fit 

fit 

3 

o  o  in 

fit 

fit 

fit 

fir 

fit 

fit 

2 

o  o  o 

fit 

fit 

fit 

fit 

fit 

V 

H-C 

•  •  • 

fit 

2 

cf  r- 

in  in 

* 

•H 

fit 

fit 

fit 

o 

fit 

fit 

o 

2 

fit 

fit 

fit 

H 

fit 

fit 

lO 

* 

fit 

fit 

fit 

fit 

fit 

o 

V 

* 

fit 

fit 

>- 

•* 

fit 

• 

fit 

< 

fit 

fit 

< 

fit 

fit 

V 

Q 

•fit 

fit 

fit 

Q 

fit 

fit 

fit 

# 

fit 

fit 

fit 

*- 

fit 

fit 

fit 

fit 

fit 

* 

fit 

fit 

fit 

fit 

fit 

V 

o  »- 

in  d 

be:  a 
3  2 
«x  o 
3  o 

2  _J 

►H  < 

o 

>-  >-» 

I-  I— 
in 

Q  »-<  • 

H  2 
(ft  <  O 
cl  i-  •-» 

DlOh 
h-  < 

2  3 

•*  »-«  -J 

m  < 

H  O  > 
>h  id  to 

2  a 
d  d  cr 

3  o 
X  u  u. 
CL  2 

►-i  tri 

2  Id 

►*•«  I—  H- 

O  »-• 

x  2  in 

CL  O 

<  CL 

«  t-  2 

in  <  o 

»-  a  o 

»-« 

2  in  in 

D  UJ  < 


CL  < 

o  o 

_J  *~l 
O  Q 
U  2 


U 

or  « 

O  2 
-J  < 
O  X 
O  H- 

-  to 
u  in 

id 
to  _J 
LJ 

uj  in 

CL  LJ 

o  h- 
uj  < 
Q  3 

M 

2  a 


UJ 

cl  v 

3 

J-  • 

<  -J 
CL  X 
UJ  O 
cl  2 

5 

UJ  2 


< 
in  h- 

3:  < 

o  a 

-j 

3  CL 
O  UJ 
Ul  X 
»- 
in  o 

-J 
UJ  .J 

CL  < 
< 


in 

UJ 

-j 

CL 

X 

< 

in  • 

1  ui 
co  o 
<  < 
X  h» 
O  2 

UJ 
UJ  u 
CL  CL 

<  Ul 
CL 

r-i 

u  in 

< 

2 

O 
10 
a  in 
u  in 
n  ij 

O  CL 
-J  IL 
3  X 
2  UJ 

UJ 
in  cl 
uj  < 

>-« 

CL  > 
h-  »J 
2  Q 

Ul 

Z 

>-  »-» 

<  2 

a 

o 

UJ  2 
-4  < 

CL 

2  > 
<  UJ 

m  a 


or. 

O 

CL 

O 

G 

2  2 

ll  < 

» 

UJ 

o 

2 

UJ 

O  2 

O 

2 

3  3 

<  2 

o 

3 

1- 

3  3 

3 

3 

# 

*o 

H 

UJ 

►-« 

►—4 

•  » 

_ j 

y 

2 

3  2 

3 

2 

10 

«■ 

< 

< 

O 

t 

O 

< 

D 

’0 

rr. 

t- 

3  L 

•L 

t-  o  or 

t-  3  CL 

i- 

>t 

< 

o 

O  X 

< 

o  o  X 

o  o  X 

O 

Ql 

f- 

JJ  '3 

Q. 

1-0  3 

h- 

0  3 

2 

C-18 


USAF  EHL/K  WATER  POLLUTION  SURVEY-SPECIAL  PROJECT  72-1,  MCGUIRE  AFB 
FORT  DIXr  NEW  JERSEY ,  10-26  SEPTEMBER  .1972 


# 

* 

4t 

* 

* 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

* 

a 

a 

a 

a 

a 

r— 

I 

O 

CD 


o  c  o 

O  O  lO 

o  o  o 


<r 

o 


CO 


>- 

< 

c 


z 

Id 

3 

.J 

U. 

2 


a 

IaJ 

H 

-J 

*-» 

li- 

O 

2 

*-« 

-I 

x 

u 


x 

»-« 

a 


*  U. 

■-  i 

a  o 

a  h- 

Z 

a  »-« 

o 

a  cl 

a  w 

-J 

a  cl 

s 

a  < 

co 


•  •  • 

>- 

©  O' 

> 

©  c  o 

h 

O'  O' 

Id 

O  O  Cl 

H 

Ow 

C 

it  in  c 

e 

•  •  • 

H  • 

V 

2 

if  cc 

cr  ia 

• 

<t 

in 

a:  z 

Id 

3  o 

o  o  o 

2 

H  « 

o  o  in 

H- 

o  o  a 

Z  < 

< 

Q 


vO 


Q 


IT) 


>- 

Q 


>■ 

< 

Q 


>* 

< 

Q 


c\i 


>- 

< 

Q 


>- 

< 

O 


«H  vO 
CT  r-i 


a  a  a 
a  a  a 
a  a  a 
a  a  a 
a  a  a 
a  a  a 
a  *  a 
a  a  a 
a  a  a 


a  a  a 
a  a  a 
a  a  a 
a  a  a 
a  a  a 
a  a  a 
a  a  a 
a  a  a 
a  a  a 


a  a  a 
a  a  a 
a  a  a 
a  a  a 
a  a  a 
a  a  a 
a  a  a 
a  a  a 
a  a  a 


a  a  a 
a  a  a 
a  a  a 
a  a  a 
a  a  a 
a  a  a 
a  a  a 
a  a  a 
a  a  a 


a  a 
a  a 
a  a 
a  a 
a  a 
a  a 
a  a 
a  a 


a  a  a 
a  a  a 
a  a  a 
a  a  a 
a  a  a 
a  a  a 
a  a  a 
a  a  a 
a  a  a 


>* 

< 

Q 


>- 

< 

Q 


a  a  • 
a  a 
a  a 
a  a 
a  a 
a  a  v 


a  a  o 
a  a  in 
a  a  o 
a  a  • 
a  a 
a  a 
a  a 
a  a 
a  a  v 


z 

o 


< 

3 


O  \- 
cn  3 
*  CL 


> 

c\i  o 

o  s 

Id 

d  o  o 

<  o 

Q 

*-<  O'  O 

•  »  • 

3  o 

x 

ro  r- 

Z  -J 

3 

c\j 

»~i  c 

2 

o 

f-< 

>-  »-« 

X 

1—  h- 

< 

m 

Q  *-t  • 

H4  h-  Z 
iD  <  O 

> 

oj  r-  o 

Khw 

Id 

j-  o  o 

D  l/l  H 

a 

rl^O 

H  < 

•  •  • 

Z  3 

s: 

ro  r-  1 

•*  »-<  -J 

3 

oj 

cn  < 

X 

1-  o  > 

»-« 

m  ij  id 

2 

z  o 

H 

DDK 

2F 

-J  O 
X  U  IJL 
CL  Z 

Id 

o  o  o 

w-»  in 

CD 

o  o  o 

Z  Id 

-y 

o  o  o 

*-«  j —  i — 

< 

•  »  • 

O  H-» 

a 

o'  r* 

x  z  in 

o  ^ 

Ol  O 

H 

<  a. 
•  1-  z 
in  <  o 

-J 

z 

o  o  o 

< 

< 

o  o  in 

> 

id 

in  if)  o 

Id 

2 

•  •  • 

in  r* 

-J 

»o  o 

< 

OJ  «H 

U 

H 

h- 

Al 

*- 

a 

n 

i/> 

v 

a 

a 

in 

H-l 

a 

a 

Q 

h- 

>- 

a 

a 

• 

< 

2 

o  o  o 

< 

a 

a 

h 

3 

o  o  in 

Q 

a 

a 

in 

2 

o  o  o 

a 

a 

H 

•  •  • 

a 

a 

X 

O  vO 

a 

a 

V 

< 

O'  «-» 

OJ  «H 

H 

a 

a 

o 

H 

a 

a 

in 

a 

a 

o 

V 

h  a  o 

»-4 

z  n  i/) 

D  LJ< 
h 

x  <  a 

OUUJ 
J  Hh 

o  a  < 
uzu 

►h  a: 

Z  *- 

*-«  H 

in 

rv  «  m 

O  2  J 
-J  <  CL 

o  x  z 

O  H-  < 

in  • 

*  t/l  I  UJ 
U  10  CQ  O 
Id  <  < 

in  j  a:»- 

ld  O  Z 

Id  CO  Id 
X  UJ  Id  O 
CD  H  X  X 
Id  <  <  Id 

a  o  a. 


z 

o  o  o 

»-»  r-i 

3 

o  o  in 

z  Quin 

2 

o  o  o 

z  < 

*-•< 

•  •  • 

•-«  z 

Z 

O' 

Id  »h  Q 

»~i 

CO  O' 

o:  v  uj 

2 

H 

3  o  in 

■X 

Q 

X 

Q 

Q 

7 

a 

id 

O  2 

Id 

o  >: 

O 

X 

3 

h- 

O  3 

h- 

O  3 

o 

3 

a 

Id 

►-« 

UI 

♦—4 

►H 

•  • 

2 

-j  >; 

V 

-1  z 

3 

>: 

in 

a 

< 

<c  o 

< 

<  o 

< 

o 

UI 

»-  X 

X 

h-  Q  X 

»-  3  X 

h- 

a 

<x 

O  O  X 

< 

o  o  x 

O  O  X 

o 

0- 

»-  n  *> 

CL 

b- 

n  u 

z 

a  id  in 

<  -J  in  id 
cr  \o  a: 
uo  JO. 
a  >:  o  x 
x  z  id 

Id  Z  h 
H-  *-«  Id 
in  jt 

<  id  < 

in  i-  h 

3=  <  X  :> 
O  Oh  J 

-j  z  a 

-J  X  Id 

O  Id  z 

IL  X  >-  H 

H-  <  z 
woo 

<  Q 
J  Id  Z 

OJ  J  J  < 

x  <  a. 

<  x  > 

•  <  Id 

in  tn  m  q 

h-  h- 

x 
< 


C- 19 


USAF  EHL/K  WATER  POLLUTION  SURVEY-SPECIAL  PROJECT  72-1  r  MCGUIRE  APB 
FORT  OIX.  NEW  JERSEY.  10-26  SEPTEMBER  1972 


a 

cc  cc 

* 

O  O  O  UO 

O  O  o 

4 

V 

•  •  •  • 

>~ 

cr  K?  ro 

CD  CD  CD  CD 

H 

# 

Q 

in  in  ko 

*1. 

o  o  in  o 

H 

«r-< 

l: 

ific  d-c 

c 

4 

•  •  *  • 

»-■«  o 

V 

2 

h  r  CV 

C  {/ 

* 

< 

.a- 

or  2 

UJ 

3  o 

¥ 

CO 

o  o  o  o 

1-  »-* 

o  o  o  in 

H 

* 

O  O  Q  O 

2  < 

>- 

•  •  •  • 

O  K 

* 

<Z 

in  -h  co 

in  3 

a 

vC  r  K) 

a 

* 

> 

fOMMQ 

O  i 

UJ 

cj  o  G  o 

<  o 

# 

V 

o 

O  ^3  0)0 

3  a 

•  t  »  • 

5 

m  vo  vD 

2  -J 

r- 

*  *  4  4 

— <  to 

*-»  <L 

* 

4  4*4 

o 

*  *  *  * 

»-< 

>-  fr-4 

> 

4  *  ¥  ¥ 

X 

H*  h- 

< 

4  4  4  4 

<r 

»-»  «/) 

* 

o 

*  4  *  * 

s 

C  • 

4  4  4  4 

v-»  H  2 

* 

*  *  #  4 

00  <  o 

*  4  4  4 

> 

fo  r-  cvj  o 

CC  1- 

4 

K 

Ld 

ct  o  cr  o 

d  in  j- 

2: 

Q 

OvOCOO 

fr-  <* 

4 

UJ 

vO 

*  *  4  * 

»  *  •  • 

2  3 

3 

4  4  4  4 

S 

IOvCvO  1 

* 

_j 

*  *  *  * 

3 

«H  K> 

in  < 

u. 

>- 

4**4 

s: 

fr-  D  > 

* 

u. 

< 

*  *  *  * 

UJ  ItJ 

UJ 

o 

4*44 

2 

2  O 

* 

4  *  *  4 

z>  nr 

q: 

*  *  4  4 

51 

-J  o 

4 

UJ 

*  *  *  * 

lOLl 

k- 

CL  2 

* 

Ji 

UJ 

O  O  O  O 

in 

V-J 

IT) 

*  *  *  * 

o 

C  O  O  O 

2  UJ 

* 

X 

*444 

2 

O  O  O'  o 

Hhh 

*  4  *  * 

< 

•  •  •  • 

O  n 

* 

O 

>- 

*  *  *  * 

cc 

in  <\i  ct 

x  2  in 

2 

< 

4  4  *  * 

«H  CO 

CL  O 

* 

►H 

Q 

*  *  *  * 

<  CL 

-J 

*  *  *  # 

2 

-  V-  2 

* 

X 

*  *  *  # 

o 

in  <  o 

o 

4  4  4  4 

»-« 

h  o  u 

* 

JM 

h- 

K4 

or 

< 

2  in  in 

* 

J— 

4  4  *  4 

3 

DIU< 

CVJ 

*  *  *  # 

.J 

2 

o  o  o  o 

b* 

X 

*  *  *  4 

< 

<c 

o  o  u>  r> 

CC  <  Q 

PJ* 

>-« 

>- 

4*44 

> 

UJ 

in  o  in  o 

O  O  UJ 

o 

o 

< 

4  *  *  * 

UJ 

2 

»  »  •  • 

JHJ- 

O 

*  4  4  4 

r-  c\j  m 

O  Q  < 

<y 

• 

*  #  *  * 

_J 

in  h  ro 

O  2  UJ 

fr¬ 

4  4  4  * 

< 

H 

«  cc 

.O 

<3 

it. 

*  *  *  * 

o 

2  J— 

1— 

l 

♦-«  n 

u'j 

• 

* 

o 

K) 

* 

* 

* 

* 

CVJ 

X 

# 

¥  O 

in 

V 

a  •  u 

* 

* 

* 

* 

H 

* 

* 

¥  in 

h-4 

O  2  -J 

* 

♦ 

* 

* 

* 

Sr 

4  O 

H 

_J  <  CL 

2 

>- 

* 

* 

* 

* 

>- 

# 

* 

4  • 

C 

o  o  o  o 

O  X  il 

* 

►H 

< 

* 

* 

# 

* 

< 

* 

¥ 

h- 

z> 

o  o  o  in 

Oh< 

O 

Q 

* 

* 

* 

* 

a 

* 

¥ 

m 

o  o  o  o 

in  • 

* 

a. 

* 

* 

* 

* 

* 

* 

¥ 

►-« 

•  •  *  • 

-  in  i  uj 

* 

* 

» 

* 

* 

* 

¥ 

X 

intoco 

o  in  cc  o 

* 

u 

* 

* 

* 

* 

* 

* 

*  V 

< 

\0  in  ro 

Id  <c  < 

_j 

r-» 

m  j  a: i- 

* 

CL 

UJ  0  2 

5l 

<VJ 

* 

* 

# 

*h 

* 

* 

¥  O 

uj  in  uj 

* 

<C 

•fr 

* 

* 

w~H 

* 

* 

¥  in 

CC  UJ  UJ  o 

in 

* 

* 

* 

* 

* 

4  O 

V 

o  v-  cc  cc 

¥ 

>- 

4 

4 

4 

4 

>- 

4 

4 

4 

• 

UJ  <  <  UJ 

<£ 

4 

4 

4 

4 

< 

4 

4 

4 

O  O  CL 

¥ 

a 

* 

4 

4 

4 

Q 

4 

4 

* 

s: 

o  o  o  o 

»h  r-i 

4 

4 

4 

4 

¥ 

4 

4 

d 

o  o  o  in 

2  o  u  in 

* 

4 

4 

4 

4 

4 

4 

4 

z 

0  0-10 

>-*  2  < 

4 

4 

4 

4 

* 

4 

4  V 

*-« 

•  •  •  • 

*~c  2 

¥ 

2 

OHIO 

UJ  *-*  Q 

M 

in  h-  to 

CC  V  UJ 

¥ 

4 

4 

4 

4 

o 

4 

* 

4 

O 

51 

d  q  in 

* 

4 

4 

4 

wH 

4 

4 

4  in 

h-  •  uj  in 

¥ 

* 

4 

4 

4 

¥ 

4 

4 

o 

<  J  in  u 

>- 

4 

* 

4 

¥ 

>- 

¥ 

4 

* 

• 

CC  X  o  oc 

¥ 

<r 

* 

4 

4 

¥ 

¥ 

4 

4 

V 

IjJ  O  -J  CL 

a 

4 

4 

4 

4 

a 

4 

4 

4 

0.  2  O  X 

¥ 

4 

4 

4 

* 

4 

4 

4 

S  2  Ld 

4 

4 

4 

4 

4 

4 

4 

UJ  Z  H 

¥ 

4 

4 

4 

4 

* 

4 

4 

V 

K-  Id 

in  cc 

¥ 

•*  <C  Id  < 

in  h  h 

¥ 

3S  <  CC  > 
OQhU 

* 

.j  2  a 

J  CC  UJ 

O  UJ  2 

v-  <  2 
10  o  Q 


4 

<  a 

J  id  2 

* 

«n 

in 

in 

UJ  J  J  < 

Q 

a 

o 

cc  <  a. 

¥ 

7H 

H 

►M 

<t  >:  > 

-J 

-J 

-J 

•  <  UJ 

¥ 

o 

o 

o 

m  in  m  o 

1/1 

m 

in 

i-  »- 

¥ 

*H  *-«  3  X 

a : 

q  n 

CC 

3  3 

2  2  -J  < 

•> 

uJ  O  2 

Id 

UJ  o  X 

UJ  O  2 

3  3  <  2 

»- 

O  O  ZD 

H* 

ou  :d 

a  o  3 

4 

Id 

2  M 

UJ 

2 

2  *-« 

•  • 

*  ii 

Id  -J 

z 

Id  .J  21 

UJ  3  2 

in 

4 

c 

a.  <  o 

< 

a.  <  o 

X  <  o 

id 

cc 

1.0  h-  Cl  CC 

-X 

mHQ.c 

vOHQ  c 

i — 

¥ 

•X 

no  ox 

vC 

3  O  O  X 

3  3  O  X 

o 

D» 

10  H  DU 

a 

uo » -  no 

'71  H  Cl  U 

2 

020 


USAF  EHL/K  WATER  POLLUTION  SURVEY-SPECIAL  PROJECT  72-1.  MCGUIRE  AFB 


0^ 

* 

o 

* 

O  c 

o 

* 

* 

o 

* 

o  o  in 

* 

o 

* 

o  o 

o 

* 

>- 

* 

• 

* 

•  e 

• 

<1 

* 

c: 

* 

3  O 

* 

o 

* 

CO 

* 

O  CM 

* 

* 

•H 

a 

* 

* 

* 

* 

V  V 

* 

* 

CO 

* 

o 

* 

O  O 

o 

* 

o 

* 

o  o  in 

* 

* 

o 

* 

o  o 

o 

>- 

* 

• 

* 

•  * 

• 

* 

< 

* 

oo 

* 

d  *h 

c 

* 

Cv 

* 

d-  K; 

* 

* 

* 

* 

* 

* 

* 

* 

V 

* 

r- 

* 

* 

* 

*  * 

* 

* 

* 

* 

* 

*  * 

* 

* 

* 

* 

*  * 

* 

* 

>- 

* 

* 

* 

*  * 

* 

<c 

* 

* 

ft 

*  * 

* 

* 

o 

* 

ft 

* 

*  * 

* 

* 

* 

* 

*  * 

* 

* 

* 

* 

* 

*  * 

* 

* 

* 

* 

*  * 

* 

* 

H 

* 

2 

vO 

* 

* 

* 

*  * 

* 

UJ 

* 

* 

* 

*  * 

* 

* 

3 

ft 

* 

* 

*  * 

* 

3 

>- 

* 

* 

* 

*  * 

* 

* 

U. 

< 

* 

* 

* 

*  * 

* 

lL 

o 

* 

* 

* 

*  * 

* 

UJ 


*  ft  ft  *  ft  ft 


CO 

* 

* 

* 

* 

* 

* 

r- 

* 

or 

* 

* 

* 

* 

* 

* 

CT 

UJ 

•H 

* 

1—4 

Ul 

in 

* 

* 

* 

* 

* 

* 

cc 

* 

*-4 

* 

* 

* 

* 

* 

* 

UJ 

CC 

* 

* 

* 

* 

* 

* 

1  cc 

* 

< 

>- 

* 

* 

* 

* 

* 

* 

2 

-J 

< 

* 

* 

* 

* 

* 

* 

UJ 

* 

U 

Q 

* 

* 

* 

* 

* 

* 

h- 

* 

* 

* 

* 

* 

* 

CL 

* 

3 

* 

* 

* 

* 

* 

* 

UJ 

< 

* 

* 

* 

* 

* 

* 

to 

* 

2 

o 

* 

ll 

d 

* 

* 

* 

* 

* 

* 

CM 

* 

* 

* 

* 

* 

* 

1 

CO 

X 

* 

* 

* 

* 

* 

* 

o 

•7 

►h 

>- 

* 

* 

* 

* 

* 

* 

o 

<y 


< 

o 


****** 

****** 

****** 

****** 


UJ 

jd 

U- 

* 

* 

* 

ft 

ft 

ft 

to 

CT3 

> 

X 

1"- 

«r\ 

UJ 

* 

Q 

K> 

* 

* 

* 

ft 

ft 

ft 

CO 

* 

ft 

ft 

ft 

o 

o 

3 

* 

* 

* 

* 

ft 

ft 

•H 

ft 

ft 

ft 

ft 

o  in 

* 

\— 

* 

* 

* 

ft 

ft 

li¬ 

ft 

ft 

ft 

ft 

o 

o 

3E 

>- 

* 

* 

* 

ft 

ft 

ft 

>- 

ft 

ft 

* 

ft 

• 

• 

UJ 

* 

H 

< 

* 

* 

* 

ft 

ft 

ft 

< 

* 

* 

* 

ft 

o 

r* 

o 

Q 

* 

* 

ft 

ft 

ft 

ft 

o 

* 

ft 

ft 

ft 

m 

* 

CL 

* 

* 

* 

ft 

ft 

ft 

* 

ft 

ft 

ft 

* 

* 

* 

ft 

ft 

ft 

* 

* 

ft 

ft 

X 

* 

td 

* 

* 

* 

ft 

ft 

ft 

ft 

ft 

* 

ft 

V 

*H 

-J 

o 

* 

CL 

Z 

CVI 

* 

* 

* 

ft 

ft 

ft 

H 

* 

o 

* 

ft 

ft 

o 

h- 

* 

< 

* 

* 

* 

ft 

ft 

ft 

rH 

* 

o 

ft 

ft 

*  tn 

cx 

to 

* 

* 

* 

ft 

ft 

ft 

ft 

o 

ft 

ft 

* 

o 

o 

* 

>- 

* 

* 

* 

ft 

ft 

ft 

>- 

ft 

• 

ft 

ft 

* 

• 

u. 

< 

* 

* 

* 

ft 

ft 

ft 

< 

ft 

CO 

ft 

ft 

♦ 

* 

a 

* 

* 

* 

ft 

ft 

ft 

Q 

* 

d 

ft 

ft 

*> 

* 

* 

* 

ft 

ft 

ft 

ft 

* 

ft 

ft 

* 

* 

* 

* 

ft 

ft 

ft 

ft 

* 

ft 

*• 

* 

* 

* 

ft 

ft 

ft 

* 

♦ 

ft 

* 

V 

* 

* 

*H 

* 

* 

* 

ft 

ft 

ft 

o 

O 

o 

o 

ft 

# 

o 

* 

* 

* 

ft 

ft 

ft 

H 

o 

o  o 

ft 

* 

in 

* 

* 

* 

ft 

ft 

ft 

ft 

o 

o  o 

ft 

* 

o 

>- 

* 

ft 

ft 

ft 

ft 

ft 

>- 

• 

• 

« 

ft 

* 

• 

* 

< 

* 

* 

* 

ft 

ft 

ft 

< 

do  co  vn 

ft 

*• 

Q 

* 

ft 

ft 

ft 

ft 

ft 

o 

OJ 

O'  in 

ft 

* 

* 

ft 

* 

ft 

ft 

ft 

ft 

CM 

rH 

ft 

ft 

ft 

* 

* 

ft 

ft 

ft 

ft 

* 

* 

* 

* 

ft 

ft 

ft 

ft 

ft 

ft 

V 

to  to 

CJ  Q 

v-4  >-H 

3  3 
1^00 
3  tO  tO 


to  CO 
Q  Q 

M  H 

J  -J 

to  o  o 
.3  J)  to 


2 

o 


< 

3 

_J 

< 

> 

UJ 


< 

o 


H* 

< 


to 


> 

UJ 

o 


< 

UJ 

2 


> 

UJ 

Q 

J 

2 

►-< 

X 

< 


> 

UJ 

o 

z 

3 

2. 


UJ 

O 


< 

cc 


2 

< 

UJ 

z 


C  C  C  Ch  o 
O  O  O  O  VO  o 
C  If  C  C  vC  c 


a 

<\! 


c  d 
fO 


O  D  O  H  !/)  O 
C  C  O  3  rH  O 

oHomcoo 


oo 

c 


o  d- 
d-  — < 


OHvOO 

O  ^  O  4-(\l  o 
o  o  o  in  O'  o 


vD 

tO 


o  in  i 
Jt  CO 


o  o  o  o  o  o 
c  c  o  o  o  o 
o  o  o  o  o  o 


CO 


O  rH 

M) 


z 

3 

5: 

H 

X 

< 

z 


z 

3 

2 

►h 

2 

M 

2 


o  o  o  o  o  o 
o  o  o  o  o  n 
o  in  o  o  o  o 

•  »•••• 

COiOvOdh- 
oo  d  m  r-  <\j 

CM  w-i 


V  V 


o  o  o  o  o  o 
o  o  o  o  o  in 
o  o  o  o  o  o 
•  ••••• 
CO  00  vO  d-  «-» 

CO  O'fO  O  K) 

CO  r-»  rH 


o  o  o  o  o  o 
o  o  o  o  o  to 

O  O  CT  O  O  O 

•  ••••• 

CO  O  vD  J-  O 
CO  CVi  fO  3  CO 
CO  *H 


V  V 


to  to 

O  Q 


to  o  o 
a  \0  j) 


ex 

3  3  3  0 

or 

J  Q  O  3 

3  3  3  0 

ft 

UJ 

O  IjlI  ixJ  O 

2 

UJ 

O  uJU  O 

:> 

O  uJ  13  O  Z 

h- 

U)Q>U 

3 

H 

LA  Q  >  U 

3 

tO  Q  >  U  3 

ft 

liJ 

2  J 

UJ 

2  3 

»H 

2  _l  *-h 

2 

J  Ul  O  J 

>: 

2 

3  Ul  O  3 

>: 

3  UJ  O  3  Z 

ft 

< 

<  0-  *-0 

o 

< 

<  0.  0 

o 

<  CL  tO  <  3 

CC 

r—  lO  tO  H*  O 

X 

X 

lO  oO  K 

O 

vX 

h-  sO  to  h-  o  oc 

ft 

< 

ODhO  O 

X 

< 

O  3  *h  O  O 

r 

O  3  H  O  O  X 

CL 

K-  J)  3  vU 

<3 

CL 

n 

H-  vO  3  H-  JQ  t> 

C-21 


NOTES:  UNITS  ARE  AS  FOLLOwSJ  TEMPERATURE  IN  (DEGREES  C.  COLOR  IN  COLOR  UNITS.  PH  IN  PH  UNITS.  TURBIDITY  IN  JACKSON  TURPIDITy 
UNITS.  ALL  OTHER  DATA  IN  MG/L.  <  INDICATES  LESS  THAN,  a  INDICATES  DATA  NOT  INCLUDED  IN  STATISTICAL  COMPUTATIONS. 

ALL  SAMPLE  DAY  ENTRIES  INCLOSED  IN  C  3  ARE  GRAo-SAMPLES  TREATED  AS  COMPOSITFS  FOR  EVALUATION. 

MAX  DEV  ANO  KIN  DEV  ARE  EXPRESSED  AS  PERCENTAGE, 


s 

# 

* 

* 

* 

# 

# 

* 

* 


O' 

0 

00000c 

0  0  c  c  c 

c  c 

0  cr 

O  * 

in 

c  0 

0 

coo 

c 

O 

O 

0  0 

coo 

0 

CD  00000 

00  000 

0  0 

0  0 

O  * 

•H 

0  0 

moincoH 

(3 

3- 

HCMOOH 

0 

000000 

00000 

a  ^4  fo  »o  vo  * 

0 

^  0 

0  0 

0  0  r- 

O 

O 

O 

O  «-c 

c  in  0 

>- 

< 

n  c  co  c:  ^ 

cc  c  k:  c 

K,  ■ 

»JU 

X  * 

rH 

0 

OOHHC\!C0C0r")0'fVI(\i 

* 

IO  <\* 

* 

i. 

• 

V 

V 

■f 

V  V 

V 

V 

V 

V 

V 

V  v 

<0 

0 

OOOOOO 

00000 

O  O 

0  0 

O  O 

to 

0  0 

0  0 

000 

0 

0  0 

O  O 

000 

0 

OOOOOO 

OOOOO 

O  O 

0  0 

O  O 

0 

0  0 

in  -h  m  in  m 

CM 

•H 

SI* 

*-<  a- 

OCd  H 

3 

OOOOO  O 

0  0  0  cO  </) 

O  «-< 

*-»  d- 

rO  a 

0 

3  O 

0  0 

O  O  vO 

O 

O 

0 

0  0 

0  in  0 

>~ 

< 

r- 

cc  0  C\J  C\|  ex,  .t 

\C  \C  cC  »*< 

K> 

H  vO  vC  CM 

C\J 

r* 

c 

O'  vC  r«  ITlf/  r- 

r-t  CV  h-  rv  Oj 

in 

OJ  (V  OJ 

V 

* 

V  V 

V 

V 

> 

> 

> 

V  v 

>-4 

o 

H 

Cl 

cc 

3 


tr 

2 

o 


2:  < 

O  K 

t/>  3 

*:  a 
o  x 
<  o 
3  a 


* 


*  >- 
< 


CO 

* 

0 

u 

<c 

* 

tu 

* 

ir 

r-4 

* 

xO 

3 

O 

* 

O 

V- 

>- 

X 

* 

2 

< 

UJ 

0 

« 

* 

3 

.-1  (M 

3 

1  Is* 

* 

U. 

CJ  O' 

X 

h  h 

* 

u J 

10 

h  or 

* 

Q 

u  IU 

LJ 

UJ  cc 

* 

H 

>- 

3  X 

< 

< 

O  UJ 

* 

2 

0 

CL  r- 

H4 

X  X 

* 

cr 

IU 

0 

3  l/l 

* 

.3 

<X 

X 

\D 

* 

0 

u* 

O  eg 

13  S 

M- 

X 

CL  O 

rJ" 

U4 

>- 

in  -4 

CJ 

O 

< 

1 

Q 

>* 

0) 

m 

UJ  >* 

»— 

H* 

>  UJ 

JO 

fsj 

U- 

CC  Uj 

I— 

3  nr 

1" 

in  uj 

* 

Q 

ro 

3 

2 

* 

H 

O  3= 

2 

>- 

*4  UJ 

* 

H 

< 

h-  2 

O 

Q 

3 

3 

* 

X 

3  X 

* 

UJ 

0  >-4 

3 

X  0 

* 

X 

X 

CvJ 

CL  H 

* 

< 

13  CL 

K-  O 

* 

in 

>- 

<  U. 

< 

3C 

* 

O 

* 

\ 

j 

* 

X 

Id 

* 

H 

Ul 

* 

< 

>- 

in 

* 

< 

3 

* 

a 

* 

* 

*. 

* 

* 

* 

* 

* 

* 

* 

* 

cc 

* 

td 

*- 

* 

UJ 

X 

* 

0; 

0: 

* 

< 

***************** 
***************** 
***************** 
***************** 
**********  ******* 
***************** 
***************** 
***************** 
***  ************** 


***************** 
***************** 
*  *  *  *  *  *  *  ********** 
***************** 
***************** 
***************** 
*  *****  *********** 
***************** 
*  **************** 


***************** 
***************** 
***************** 
***************** 
***************** 
***************** 
***************** 
***************** 
**********  ******* 


***************** 
**  *************** 
***************** 
**.********.**#.**** 

***************** 
***************** 
*********  ******** 
***************** 
***************** 


***************** 
***************** 
******  *********** 
***************** 
***************** 
***************** 
***************** 
***************** 
************  ***** 


***************** 
******  **  *  *  *  *  ***** 
********  *  *  **  ***** 
***************** 
***************** 
***************** 
***************** 
**********  ******* 
***************** 


2  3 

t~i  < 

u 

>-  M 
►-*  t~ 

^  tn 

o  »-*  • 
*-•  H  2 
no  <  o 

a:  h  h 
2)  l/IH 
h-  < 

2  3 
-  h-i  _J 
tO  < 
K-  C  > 

U  UJ 

2  O 

3  3  0: 

3  O 
lUU. 
CL  2 

»-*  to 
2  U 
h(-H 
O  H4 
2  2  tO 

a  o 
<  a. 
«>  1-  x 

to  <  o 


******************** 
*******************  * 
******************** 
******************** 
******************** 
******************** 
******************** 
******************** 
******************** 


2  tO  tO 

**************  D  IU  < 

**************  H 

**************  ac<o 

**************  OUliJ 

**************  J  Hh 

**************  o  a  < 

**************  O  2  UJ 

**************  ►-•a: 

**************  2  *- 


**************  *  *  * 
***************** 
***************** 
***************** 
***************** 
***************** 
***************** 
***************** 
***************** 


***************** 

***************** 

***************** 

***************** 

***************** 

***************** 

***************** 

***************** 

***************** 


***************** 
***************** 
***************** 
***************** 
*  «  •»  *  ************  * 
***************** 
***************** 
****************  * 
***************** 


***************** 

***************** 

***************** 

***************** 

***************** 

***************** 

***************** 

***************** 

***************** 


***************** 
***************** 
***************** 
***************** 
***************** 
***************** 
***************** 
******  *********** 
***************** 


***************** 
**  *************** 
***************** 
***************** 
***************** 
********  ********* 
***************** 
***************** 
***************** 


3 

•C 
Y. 
X  3 

a  < 


to 

02 
*-«  o 
3  3 

o  -r  2 

to  to  to  <  liJ  2 

a  n  u  o  u 

H  H  'J  OO 

3  3  3  o  cc  o 

UIOOhh  I—  CL 

3  to  >-  2 

<  <  2  ^ 

>-3  3  33  O  3  2 

»-  o  uj  uo.ro  .J 

h  10  a  >  >  o  u  x 

0  2  3  < 

X  h  J  j  O  J  3  3  3 

O  J  <X  CL  Si  <  <  <  3 

J  l'  h  .0  </)  H  l-  >-  O  l.U 

O  3  O  3  *-4  O  O  3  O  > 

3  *-  h-  m  o  >-  h-  *-  tO  *: 


L.I  LiJ 
H*  h- 
<  < 
IIIJ 

CL1J1 
lO  iO  < 

_  o  o  !J 
to  to  i  r  x 

<  aj  l  J  Ol  3.  O  1/1 


3 

3 

a 

M 

to 

13 

CL 


X 

3 

H 

X 

o 

cc 

X 

o 


C-22 


2  UJ 

13  X  tu  to  2 

2  3  3  I’J  13  3  X 

^  <  fT«33  2X23 

2  *-4  <  3  O  ^  O  JL  X  :>  *3  jJ  aJ  h  O  m  »-  i 

O  X  X  -C  X  2  O  3  O  <  3  O  2  O.  >  '2  2  O  X  2 

>*  >—  r-  »—  ►-  3  3  *-L  3  L  .<  3.  JL  O  X  J  O  -C  2X30 
>*>-•-  4  O  X  »-4  X  3  X  X  3  3  '-i  X  O  ►•»«>*<  3:  3  '1 

<  7  h  O  O  Cl.  4  U  t)  X  J  S  "<  O  i/l  2  U  S  ‘  t  t) 


CC  •  UJ 
0  2  3 
3  <  X 

o  x  x 

o  >-  < 
to  • 

-  to  I  UJ 
O  to  CQ  O 

13  <  «* 

to  3  cr  1— 
tu  02 
13  to  13 
or  tu  13  0 
o  h*  or  or 

13  <  <  13 
q  o  x 
»-t  n 

2  O  uj  tO 

*-4  2  < 

*-4  2 

13  *-<  a 

CC  V  13 

3  O  tO 
J—  •  UJ  to 
<C  J  to  UJ 
ar  \  o  cl 

U  0  JOL 

a.  2  o  x 
x  2  UJ 

3  2  H 

h-  >-4  UJ 

to  or 

—  <  uj  < 

t/l  h  H 

<  cc  > 

Q  3  H-  '  J 
3  2  Q 

3  X  «U 
O  UJ  2 
U.  X  >-  *-» 
H-  <  X 
tO  O  O 
<  Q 

3  UJ  2 
UJ  J  3  «4l 
CL  <  CL 
<C  X  > 
•  <  UJ 

to  to  to  o 

t-  )— 

>-4  3  X 

2  2  3 

3  3  <L  X 


to 

3 


USAF  EHL/K  WATER  POLLUTION  SURVEY-SPECIAL  PROJECT  72-1 r  MCGUIRE  AFi3 
FORT  D1X f  NEW  JERSEY ,  10-26  SEPTEMRER  1972 


H 

* 

2 

Ui 

* 

3 

3 

* 

li. 

lL 

* 

Li 

* 

O 

LJ 

* 

< 

* 

►-4 

* 

o: 

o 

* 

3 

*o 

X 

4-» 

o 

rr 

o 

X 

o 

K-« 

vr 

o 

r— • 

( 

• 

o 

H 

U. 

U> 

f 

03 

h- 

Q 

<\» 

h- 

-H 

* 

>- 

* 

K-« 

< 

O 

O 

* 

Qw 

* 

LJ 

3 

* 

CL 

S 

rH 

* 

< 

l/l 

********* 

********* 

********* 

********* 


o  *  ooooooo 


OO*  ******L0O*  ... _ 

oo*  **  **  *  *roo*m*insOC'Csj^-tcj-^ 
oo*  *  *  **  *  *ors-*o*oor'-ooao 

.  *********  ••*  **  •*•••  •  • 

*********s£)<\J*  ******  *H* 

********00-1*******  * 


o  o  o  o 

OOCOH 
H  O  t  O 


********* 

********* 

********* 


******* 
******* 
V******* 


* 

* 

* 


* 

*  * 

*  V  *  V 


‘  V  V  V  V 


>- 

< 

o 


*  o*  *  *o*  *  *  oo*  *  *  *  *  *  *l0O*O*HOOOOOOOOOOO 

*  O  *  *  *0*  *  *  o  ©  *  *  *  **  *  *  o  *  ID  O  ID  CO  o-  CM  rH  d  H  (\|  O  O  rl 

*o**  *o*  *  *  o  o  *  *  *  *  *  *  *oco*  oooor^oooo^OvDo 

*  •***•»**  *********  ••*  •••••••♦*•••• 

*.-<**  *cj-***r^o*******  ^  *  -« 

*cj-***c\i***oc\i*******  * 

*  r-4  *  *  *  *  *  *  r*  *******  * 

*  ***  ***  *******  * 

*  *  *  *  ***  V*******  *  V  V  V  V  V  V  V  V  V 

OOOOOOOOOOOOOOOOOOL0OOO— fOOOOOOOOOOO 
OOOOOOOOO  OOOOOOOOOtMOOinOinvOO'fMaj^  .H  O  O  rH 
rHOOOOOOOOOOO.0^HC0r-r0OOjr^OOOOf-*OOOOeHOv0O 


< 

a 


hvfiOliTJ-O^^vDC^OOO  O'vOf^ 

H  H  Ol  j-  33  r>*  <M  O  v'Nj  Ol  H  CO 

tO  C\|  «H  %H 


<\J 


V  V 


QC 

1 —  >- 

* 

3 

»-« 

H* 

X  H-4 

* 

Li 

Q 

II 

3  a: 

* 

< 

‘tOO 

CL 

*C  3  X 

* 

X  3  0  3 

CL  <  O  »- 

tO  O 
3  v/l 

>-4 

3  3 
O  aJ 
lO  Cl 
2 
3  Li 
•  t  0l 

>  -  L<0 

O  3 
v/1 


to 

Q  X 
*-•  O 

s: 

3  CO 

3 

0  a: 

•3* 

3 

>-« 

to  < 

U  2 

< 

X 

0 

O  LJ 

LJ  LJ 

3 

0 

LJ 

O  O 

y—  f— 

Q 

a: 

3  O 

or  0 

<  <* 

M 

X 

►-« 

a: 

X  X  LJ 

to 

u 

“» »— 

o.  a.  7i 

3 

<  < 

lO  LO  < 

X 

K- 

J  O 

O 

X 

O  O  LJ 

2 

LJ 

0  X 

O 

3 

3  '3i  r  x  x 

LJ  X  Id 

lO 

>  p 

O 

ItULdlCLOlO 

zz 

3  3 

LJ  LJ 

«-t  H  F—  ) —  — 1 

M 

►-4  < 

o!a:  jdz 

3  3 

3 

Q  2 

3  O  Atf  O 

X 

X  > 

•3  llJ  UJ  H  < 

<  < 


3  H-  F- 


^  J  U  J.  -I-  R.  V  J  •_ 

O  iJ»hr  F-  .3  0 

o  o  >  >:  »-*  o  x  ►-«  x  cq  x  x  ij  oj  -*  x : 

H  JQ  ^  ^  2  h- 


^  3  o 
a.  3  o  < 

O  »-•  >- 

(J  i/I  Z  U  £ 


s: 

3  >: 
X  3 
3 
h 

X  3  O 
<  3  < 
U  ■*  3 


C-23 


NOTES:  UNITS  ARE  AS  FOLLOWS:  TEMPERATURE  IN  degrees  C,  COLOR  IN  COLOR  UNITS,  PH  IN  PH  UNITS,  TURBIDITY  in  JACKSON  TURRIDITY 
UNITS.  ALL  OTHER  DATA  IN  MG/L.  <  INDICATES  LESS  THAN,  a  INDICATES  DATA  NOT  INCLUDED  IN  STATISTICAL  COMPUTATIONS. 

ALL  SAMPLE  DAY  ENTRIES  INCLOSED  IN  C 3  A«E  GRAS-SAMPLES  TREATED  AS  COMPOSITES  FOR  EVALUATION. 

MAX  DEV  AND  MIN  DEV  ARE  EXPRESSED  AS  PERCENTAGE. 


USAF  EHL/K  WATER  POLLUTION  SURVEY-SPECIAL  PROJECT  7P.-1  *  MCGUIRE  AF3 
FORT  D1X,  NEW  JERSEY ,  10-26  SEPTEMBER  1<?72 


* 

* 

* 

* 

* 

# 

* 

# 

* 

* 

# 

# 

* 

* 

& 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 


c 

o 

o 


o 

<1) 

X) 

rtJ 

K— 

* 

* 

* 

* 

* 

* 

* 

* 

# 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

# 

* 

* 

* 

* 

* 


Z 

O 

H 

H* 

< 

3 

3 

> 

3 

3 

< 

O 


< 

l- 

10 


Ui 

c 


t«J 

X 


> 

3 

Q 


3 


x 


> 

UJ 

c 

2: 

3 

2 


UJ 

O 

z 

< 

x 


z 

<x 

UJ 

2; 


\i)  C  O  rTK!  c  r-x  CC  cr  C!  CC  h-  C  CC  CMT  C  C  CC  C  K)  O  (T  C  K)  C  C  H  O  W  C 

lPlDCC-HK)O^T*Hr-COLOr^vDOr-COrOOO'DcrOOO^LOOOOO-HOvDO 

<v  a  •-  r>  »n  *h  •-  r^ccar^cvci^cj^-Lrc'KjCccjc.ccicccLCOOCo 


—  c  \c«-r  •-  c  r 

CM  K)  4“  -» 


- 


vfl^COJ'hH^'O  ON^OO'J)Win?HHOO(MO(\l(J'ONOO  BOlrtO 
inHccU(MnK)ir,\cir^cohH(MocHHOG(^CHvocvOccocvDc 
cM-±oLncrocr'^r^J-corocMocoa'*H*HC\ir^covOoc\iJ-ov£iooc\ioino 


K)  10  O  <\|  O'  Ki  (0  VO  (Mn  CJ  m  H 
CMCwH  CY  1C  rl 


h  c^om  ^  too 
CV  O  CM  cc  <v  o 

CM 


r- 

c 

CM 


vO 


vO 

VO 


fO  o 


vOiOooin^iococoojMONGooinojocfinoo^ocMrtor^oo^oroa 

<\J<\JOO^0inoK)rs'f0r^»-<COG0MvDCCCCf0OOK)OcJ‘0'OvDOOCT'Ocl-O 

lOfJCccOHO'ifMCtfCcowoooinw^ccocwcwoovOooocco 


cMd'Oc^vDf^^^cooroin 

H  H  H  H  4-  H  ct  r-| 


in  in  «h  in  »o  o  i  O'  I  &  m  i  \0  I 

<M  — (  OM  r-  CM  O  vO  CM*H  rH 


I  in  ro  I 


OOOOOOOOOOOOOOOOOOOOOOCT'OOOOOOOOOOO 

OOCiCOOOOOOOOOOOOOOr0OOCOOl0v0Or-»OCK)OC0O 

JtOOOOOOOOOC0Ol0O0nci-K)OOOrHOOOOt-»OOOOOO-r-<O 


tOO«(\IMJOCOd-CJvO(\llO 

Ctcj  C-  N  OJ  K)H 


in 

10 


r^or*-K)ooh*r^K)oofOoors-f^ooa'0»ooroo\OCMo(\«oovOocMo 

^JlJrOOO'O^OOOOOQ'O^OOHfO'ilO^^^ajH.tHOOinH 

HOj^fOom^iDiOJ-HcoinHOcf^inQO'oooooNooocHoioo 

r-  J"  *0  m  *D  OJ  O  cC  r-  J'  a  *H  CNJ  f"  vO  (7»  "H 

«HM3^-lO'fOOinCM0'C\JCVJ.-4  vO 

(\j  C\JH 


t  V  V  V 


V  V 


5: 

3 


X 

< 

2: 


2 

3 

>: 

z 

»-« 

5: 


ooooooooooooooooooinooooooooooooooo 

OOOOOOOOOOOOOOOOOOrOOOin^-tincOC'CMOMct^HCVjOvO-H 

^>OOOOOOOOOCCOCT‘T-lr0r^*v0oacf«HOOOOl^OOOO*-»O'nO 


h-r-»oincf  o  7  vO  o  o  a  o  o 

cf  cCxHCvjcJ-C0r-iJOaCMCvJ«H 

•H  10  M(NI  H 


HO"Dh  OJ 

03 


V  V  V 


V  V 


C-CCOCvJOJ  cJ-^-COvOC'CVJ— (O 
O'  OHUi  C\1  *H  CO  CvJ  «H  C\j  «H 

cm  CM 


VO  M3  CM 

in 


V  V  V 


V  V  V  V 


>- 

h 


v  x 


OOOOOOOOOOOOOOOOOOinOOO*HOOOOOOOOOOO 
ooooooooooooooooooaooincinin*,0CM^J>— i  O'  o  to  h 
ooooooaooooovo-HoorofOood-ooooovOooooooj-o 


C  l / 

cr  z 
3  O 
I—  »~4 

H 

z  < 
c  »- 
in  3 

X  Cl 

o  % 

<r  o 

3  O 

Z  3 
k«  <r 
u 

>-  »- 

I—  H- 

»-«  m 

o  *-4  • 
i-4  H  Z 
cs  <  o 

(T  h  H 

d  ini- 
H  < 

Z  3 
*  H  J| 
in  < 

H  O  > 
^  UJ  Ui 
Z  Q 
3  3  01 
3  o 
lull 
0.  z 

»-4  LO 

Z  UI 

H  I-  H 

o  »-« 

X  z  to 
Ol  O 
<  QL 

«*  x 
in  <  o 

1—  Q  O 

z  in  in 

3  U  < 

h 

x  <  a 

O  U  UJ 
3  J- 
O  Q  <t 

a  z  w 
>-»  cc 
Z  H- 

►-»  a 

10 


O  Z  -J 

3  <  X 

0x2: 

O  h-  «t 

-  m  1  uj 

o  in  t£i  o 

LI  <C  < 
10  3  or  h- 
ui  e>  z 
UJ  10  UJ 
cr.  Ui  ui  u 
o  h-  o:  cc 

UJ  <  <  UJ 
Q  U  X 
WH  n 

z  a  t-j  in 
^  z  < 
>-<  z 

UJ  »-T  Q 

XV  UJ 

3  q  in 
v-  •  uj  in 
<  j  in  uj 

X  X  O  X 
UJ0  JO. 
cl  rs:  o  x 
Z  Z  UI 

UI  Z  H 

I—  UI 

in  x 

<  u  < 

l/)h  h 

3:  <  X  > 

O  3  »-  UI 

-J  z  o 
3  X  id 


0  UJ  z 

LO 

IL  X  >-  H 

O  Z 

H*  <  X 

*-«  O 

2 

lo  0  a 

3  CO 

3 

<  0 

O  X 

z 

3 

3  3  z 

in  in  m  < 

Id  Z 

<  2 

3  3  3  < 

0  o  0 

O  3 

3  3 

3  0 

X  <  X 

H  K  [ J 

O  O 

H- 

0  x 

<C  X  -> 

3  3  3  0 

X  0 

<  < 

>-4  X 

•  <  UJ 

in 

0  O  n  H 

*-  X 

X  X 

3 

LO  O 

lo  3  in  0 

3 

in  m  h-  z 

Cjl  X 

J) 

UJ 

k—  h- 

>-  *-« 

■t  < 

z  ►-« 

in  n 

< 

X  1- 

•-4  v-«  3  X 

i-  >-3 

3  3  3  3  0 

3  0 

3 

z 

3 

Z  Z  3  <( 

h-  0 

LJ  3  0X0 

3 

m  in  r.  x 

X 

3  Z  3 

m 

«c  1 

3  3  <  X 

z  *-<  in 

0  >  ;>  0  0 

X  < 

i.J  Ui  Ol  CL 

O 

LO 

Z  3  3 

3  3 

3  Z 

»-»  0 

Z  3 

<  *-< 

h-  H* 

3 

v-c  ►  *  c 

X  X 

J  LO 

z  >: 

Z  3 

•  • 

3  X  -4  3 

3  0  3  3  3 

0  z 

»-»  <  3  O 

O 

x  :>  > 

d 

’.d  3  ^ 

<  3 

m  >-9 

m 

<  3  D  < 

x  n  «<  <  < 

3  O 

1:  r.  x  x 

r1 

n  0  0  *x 

□  0  Z  X 

> 

X  z 

O  -4 

>;  x 

id 

X  3  X  H* 

J) 

O  U  Z 

H-  h-  r—  H- 

3 

li 

3  x  x  <  z  0  »x 

3 

•0  *4. 

Z  X 

3  a 

h- 

3  O  3  O 

3^00003;*; 

.  -»  ►-€  o  X 

x 

n  r  7;  uj  id  -4  x  0 

•-« 

►-4  >- 

<  < 

j  < 

O 

<UHK 

n  ohi-h 

t)  X  < 

Z  Z  1—  J 

O 

X 

>100  r 

J  'Nl  -4  U 

n 

z  0 

Z  3 

<  0 

Z 

C-24 


USAF  EHL/K  WATER  POLLUTION  SURVEY-SPECIAL  PROJECT  72-1*  MCGUIRE  Ar'E 
FORT  DIX*  NEW  JERSEY*  10-26  SEPTEMBER  1972 


* 

* 

* 

* 

« 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

H 

* 

>- 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

<1 

* 

« 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

o 

# 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

V 

* 

* 

« 

* 

* 

* 

* 

* 

* 

CO 

X 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

•r 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

'  * 

>- 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

****** 
*  *  *  #  *  * 

«*#*** 
*  *  *  *  *  * 

*  *  *  *  *  * 

****** 
****** 
****** 
****** 


**************** 
***************  * 
**************** 
r********  ******* 
**************** 
**************** 
**************** 
**************** 
**************** 


t- 

»-« 

O 


* 

* 

* 

v* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 


I 

o 


JO 

ra 


* 

* 

* 

* 

* 


* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

# 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 


< 

c 


3 


V 

< 

o 


if) 


f- 

2: 

Id 

3 

3 

U- 

z 


>- 

< 

Q 


r* 

<c 

cr 


CD 

Ll 

< 

5: 

I 

.-i 

s: 


v— 

z 


o 

CL 


UJ 

3 

CL 

S 

< 

10 


*  * 
*  * 
*  * 
*  * 

************* 

************* 

************* 

************* 

************* 


*  *  *  *  * 

*  *  *  *  * 

*  *  *  *  * 

*  *  *  *  * 

*  *  *  *  * 

*  *  >  *  * 

*  *  *  *  * 

*  *  *  *  * 

*  *  *  *  * 


******** 

******** 

******** 

******** 

******** 

******** 

******** 

******** 

******** 


******** 

******** 

******** 

******** 

******** 

******** 

******** 

******** 

******** 


G  If 
CL*  Z 
3  o 


z  < 

o  t- 

<n  3 

^  CL 
3  2£ 

<  o 
3  3 


r- 

cr 

©0000 

o 

o  o 

* 

o  o  o 

o  c  c 

o  o  o 

* 

o 

OOOOO 

o 

o  o 

* 

o  o  o 

o  o  o 

-H  O  O 

* 

— < 

CLOCOO 

G 

o  o 

* 

or-—* 

\C  d-  c. 

O  vO  G 

* 

>•’ 

• 

*  #  •  •  • 

• 

♦  • 

* 

•  *  » 

•  •  • 

•  e  « 

* 

< 

N  w  o  in  4 

vO  C  fO 

* 

cs-  r~ 

O'OC' 

O'  d- 

* 

Q 

O'  VU  4  H  \0 

3 

O 

* 

dr 

d- 

* 

4-  H  K)  H 

tr>  cm 

* 

CM 

* 

* 

* 

o  — i  ©  c  o  ©  o  c  *00000 
in  o  ig  (\j  oc  O' h  *  h  ^  o  t\j  h 
ococcooco*cood-o 

»•••••••*  •  •  •  •  • 

r*  *  t-i 

* 

* 

* 

*  V  V  V  V  V  *  V  V  V 


Z  3 

n  <r 
o 

>- 


jfi 

•'i 

Vl 


000* 
o  o  c  * 
000* 
•  •  ** 
oj  oj  * 
O'  O'  * 
CM  * 


OOOOO 


*000000000001000*0-1000000  * 

*  OOOOO  OOOOOOOOCC  **-4\0CO»~« 

*  OOOOOOCOlOO'vOOOCMO  *  ooooccooo*  OOOCMO 

«  »••«••••#•  ••**»•«•#  •  •  •  •  • 

K)vOO'«HcO*  CM  * 


(/) 

O  • 

h  h  2 
CD  <  o 
[I  H  M 

DinH 
J-  < 

z  3 


cj  h  o  h  minf' 


*  * 
*  * 


.t  &  — i  0^  cr  1-1 

in  cm  cm  - 


*H  O 


-r-»  If)  * 

-4  * 

* 

*  v  v  v 


* 

* 

* 

V  V  *  V 


OOOOOOOOOOOOCOOGOOC*  OrHOOOOO 
OOOOOOOOOOOOOOOOCMOO  * 

OOOOOOOOOOCMCM^-HCMOOCOO  *OOOOvDOO 

. . . *  ••••••• 

h-rOcOOcOvOfOOCMCMcfr^  H  \0  H  h-cO*  *"< 

0'c0v0CM«-»d’d’C0O-«  O'  CO  * 

(MHHH  CJHH  «H* 

v  *  V  V  V  v 


0*0 

d“  *  -« 

0*0 

•  *  • 
* 

* 

* 

* 

V  *  V 


0000 
m  o  o  «h 

O  O  K)  o 


on  < 
h-  o  > 
►-«  UJ  LxJ 
Z  Q 
3  3  nr 
3  o 

I  UlL 

a  z 

in 

Z  Id 


o  »-* 
i  z  in 
cl  o 
<C  CL 
-  v-  >: 
i/>  -t  o 
J-  O  3 


>~ 

< 

a 


000* 

000* 

000# 

•  *  *  * 

r**  cm  cm  * 

o  rO  * 
«-h  rO  » 
* 
* 


*  OOOOOOOOOOOOOO*  Or-lOOOOOO*  OOOOO 

*  oooooooooaofOoo*inoinmc\Jco^:**<r-«inocc*H 
w.  aoOOOOh,.'Mt0l)OOv0O  *  E)OOOHOOO  *  O  O  O  CM  o 

*••••••••••••••# . . . 

*(\JHO^HvOCO  OvOrO  O  CO  * 

—  -  d“  * 


h  m  >0  o  co  h 
CM  CM  CM 


CM 

CM 


tH  * 

* 

*  V  V  V 


V  V 


* 

* 

*  V 


*  OOOOO 


>- 

<t 

a 


0000000000000000000*  0-1000000  „  ------- 

f—v  nooooO000000000C\J00  *  ID  O  If)  H  O  lO  H  lO  O  vC  H 

§  o  00  000000 '/>r--»ininoocao*oooocMooo*ooofOo 

«y  •  ••••*  ••••••••♦  *  *  *  c  * 


r-  000  oaj  ^  oh  incoco 
ooooiOhcocomH 
— «  d*  CM  CM  CM  CM  — «  *“♦ 


o  ^  in 

-i  vO 


O'  o  * 

CM 

* 

vO  * 

* 

-1  *  • 

* 

* 

* 

*  V  V  V 


V  V  *  V 


CM 


V 

< 

o 


ooooooooooooooooooomo-4000000000000 

r-jdoooooooooooooorocooinoincMfOin^HAi-tH— «cooco*h 

moooooooooor^-Hcor-oovOcoooooovOooooooocMo 


i^r^ococMvOroovoroinco 
O  vD  00  N  •- icfl^cOCM— ( 

H  OJ  H  vjQ  CM  — I  ** 


cO  vO  Is* 
vO 


O'  tO 
vO 


z  in  in 
3  Id  <C 
»- 

cr  o 

o  uu 

jHh 

o  a  < 

3  Z  UJ 
►-«  cr 
z  »- 

H-i  IX 

Ul 

CL  -  UJ 
O  Z  3 
3  <  CL 
O  X  2; 
o  »-  <r 
in  • 
-  If)  1  Id 
ui/iao 
UJ  <  «* 

<n  -i  a:  *- 

id  3  z 

UJ  l/>  UJ 
CL  UJ  UJ  0 

o  cc  cr 

Id  <  <  Id 

OO  CL 


Z  Qui/1 

»-«  Z  < 


V  V  V  V 


V  V  V  V 


>- 

< 

Q 


OOOO 
OOOO 
iM  o  o  o 


r*  cm  10  cj- 

f)  0  4- 

h  in  h 


o  *  0000000*  *  ooooino— 100  000*000000 
o  *0000000  *  *  oiMoooinoiniMinmH  *  h  h  u)  o  4-  h 
o  *  OOOOlOOrH  *  *  oon-Oooooor^oo*oooocro 

•  *  »•«■•«■••**  ••••••••••“*  -  m  m.  m 

-  r-  o  -< 

O' 

CM 


cf*  MD  O  03  r-  — t 

vO  *  in  h  o  h 

ro  *  iM  H 

* 

* 


*  * 
*  * 
*  * 
*  * 
*  * 


in 


u 


V  w  v 


* 

* 

* 

* 

V  *  V  V 


a: 

Id 


in 

3 

>-  *-• 


UJ 

£ 

< 

: X 


^  o 
Z  f) 


-J -J 
<  iC 
jL  V- 
I  JO 
CL  < 


o 

in  un  i/) 
o  Q 
>-4  UJ 

_J  .  J  ~l 

o  o  »-* 
in  in  w 
< 

Cl  3  J 
!d  Ld  O 
O  > 

Z  -J 
uo  J 
a.  jy  < 

lO  7)  h> 
3  O 

i/I  O  H- 


3 


2 

id 

o 

>-  3 
X  O 
O  O 


Id  Z 

O  UJ 
<3  3 

Id  UJ 

h-  *— 

in 

cr  o 

<C  < 

in 

v-  or 

X  X  Id 

UJ 

r~i  P— 

ii x  di 

2 

z  ►-« 

in  m  < 

O 

z 

O  3  d 

X 

3  in 

XXX 

< 

X  <  id 

L  CL  o  in 

X 

o 

cr 

X 

o 


UJ  o 

C'  V  UJ 

3  3  in 

h-  •  uj  in 
<c  j  in  uj 

CC  N  O  if 

uj  id  Ja 
n.  iox 
s:  z  uj 

UJ  ZM 
I —  UJ 

in  a: 
•«.  <  uj  < 
in  h-  h 
3c  <  cr  > 

O  3  **  UJ 

3  z  a 

3  X  Id 
O  UJ  Z 
lL  I  >“  H 
H*  <  Z 

in  o  3 

<  Q 

3  Id  Z 

UJ  J  J  <c 
CL  <  CL 

<  £  > 
•  -X  Id 

in  in  in  3 


z 

*JL  Ld 


<Hh 

3  Z  <  3 

3  o  r 

J—  J—  O  d  21  J— 

3  O  O  3  X  O 
»—  ►—  Q  'Z  <  Z  *- 


3  3 
t  -C 


3 

0^0 
t:  "3 

H-  3 

r  -• 
o  o 


a  < 
3  3  S  > 


_  n  <  <3  0  <  DO  Z  X  >  z 

d  <  r-  vt:  .r  :<  <  .30X3  o 

I  n  O  III  T  id  Id  -•  X  O 

L  i!  t-  X  U  r  i  \i  i  »  i/i  3 


UJ 
in 

3  UJ  UJ 
w-»  Q  z 
2  »-•  < 
d  2  3 

m  <£  z 

X  >-  < 
J  M  H  U  l/)  2  <  J  2 


cr  QC  3  ' 

Jj  id  Id 


3  X 

M  ;r  3 

)  MH 

h  s 

X  3  3 
<  3  *C 
3  <  3 


M  M  J  >< 
Z  Z  3  <7 
3  3  <L  lL 


in 

ld 

)— 

o 


C-25 


■  xi.'V 


USAF  EHL/K  WATER  POLLUTION  SURVEY-SPECIAL  PROJECT  72-1 t  MCGUIRE  AFP 
FORT  OI X r  NEW  JERSEY r  1C-26  SEPTEMBER  1972 

;************  Table  C-15  Cont’d  ************* 


# 

* 

* 

# 

ft 

* 

* 

# 

* 

* 

* 

* 

* 


3 

*3 

3 

IL. 

2 


3C 

< 

cl 

G3 

Ll 

< 

2: 

I 


H* 

z 

H 

o 

CL 

3 

3 

CL 

s: 

to 


* 

* 

* 

* 

* 

* 

# 

* 

* 

# 

* 

* 

* 

* 

* 


>- 

< 

Q 


***** 


*  *  *  .. 

*  *  *  * 
****** 


*  *  *  *  * 

*  *  *  *  * 


************** 

...  *********** 
*****************  *  *  *  *  W  V 

******************* 
******************* 
****************** 
************** 
************* 
************ 


********** 
********* 
■Jcvc**  S  *  •*  *  *  * 
_  „************* 
*************** 
***********  ***** 
***************** 
***************** 
***.************ 


< 

Q 


*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 


*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 


******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 


************ 

************ 

************ 

************ 

************ 

************ 

************ 

************ 

************ 


******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 


< 

Q 


*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 


*  * 
*  •»; 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 


*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 


*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 


****** 

****** 

****** 

****** 

****** 

****** 

****** 

****** 

****** 


****** 
*  *  *  *  *  * 
****** 
****** 
****** 
****** 
****** 
****** 
****** 


*  *  *  *  * 

***** 
*  *  *  *  * 

*  *  *  *  * 

*  *  *  *  * 

*  *  *  *  * 

*  *  *  *  * 

*  *  *  *  * 

*  *  *  *  * 


******* 
******* 
******* 
******* 
******* 
******* 
******* 
******* 
***** 


*  * 


to 

o  z 

>-•0  3 
JfQ  Z 


Of 

3 

H- 

3 

21 

< 

CL 

< 

a 


0  .X 

< 

2 

3  3  3  < 

>: 

3  2 

O  G  O 

3 

O  3 

3  3 

K4  >-4  3 

a 

O  O 

1—  H- 

3 

3  3  3  0 

CL  O 

<  <X 

3 

3  O  O  >-«  ►-« 

2 

H-  CL 

X  X  3 

3 

X  3  3  h-  2 

3 

v-«  (— 

X  X  3 

2 

>- 

<  < 

0 

2  -4 

3  oO  <Jl 

Q 

h- 

3  0  0  3  ID 

>-  G 

2 

0  0  3 

CC 

h  0  iii  uJ  0  q: 

X  O 

3  3 

XXL 

<c 

Z33>>000 


3 
<  < 
■  x  h- 
x  3  a 

X  X  *- 


z  3 
LJ  o 
X  j\ 
3  SI 
3  *-« 
si  a 


3  3 
<c  x 

y— 

o  o 

I— 


<  < 

F—  H- 

o  o 


X  <  LJ  X  CL  O 
<C  H  h 

a  .r  <  .j  o 
3  O  X  -X  T 
3  3 


o  “> 

n  'L  < 


*~i  o 
z  *- 


CL 

o  o 


2; 

Z> 


o 

CL 

X 

o 


>- 

z 

Z  LJ 

to  X  >-  O  -  J 

_1  DC  h  < 

O  -j  D  X 

2  J)  <  O  O  <  3  O 

3  <  H-  L  r;  :<  <  2 

I  a  O  Lj  I  UJ  iJ  -» 

i  Z  F*  Z  O  C  J  'M 


CL  L 
3  3 
2  X  > 

o  a.  3 

neon 
-«  o  3 


u 

3  »-« 
uJ  Z 
L  3 
o  to 
*-•  X 
2  X 


UJ 

to 

UJ  U1 

3  X 
>-•  < 
z  0 

L  Z 
>-  < 
<J  2 


3  Z 
X  2  3 
D  »« 

^  >:  z 
cl  a  a 
<  3 

JQ  O 


K 

H4. 

C 

►-t  •* 

c  tr 
cl  2 
X  o 


2  < 
c  v— 
in  3 

bC  X 

o  z 

<t  Q 

3  U 

z  -J 

»—  o: 

u 

V  !-« 

I-  t- 

*-*  to 

Q  ►-«  • 

whZ 

cn  <  o 

CL  ^ 

D  l/l  K 
H-  < 

2  3 

-  w 

l/>  < 

K  O  > 
n  UJ  lii 
Z  Q 
3  3  CL 
-J  O 
X  CJ  Ll 
CL  Z 
m  to 
2  UJ 
hHK 
O  i-< 

X  2  to 
a.  o 

<  CL 

-  b-  >z 
U)  <  Q 
h-  Q  O 
»-* 

2  in  to 

DU< 

h* 

cl  <  a 

O  Olil 
JHK 

o  a  < 

UZLl 

CL 

2  K 

a 

in 

cl  •  Ui 
0  2  3 

_J  <-r 

o  i>: 
o  «t 
to  • 

Mil 

u  in  cq  o 

Ul  <*.  < 
to  3  CL 
U  0  2 

iu  tn  ia 
cc  Ui  uiu 
O  » —  CL  CL 
Id  <i  <  3 
Q  L>  <X 
1-4  rt 

2  G  ux  m 
2  << 
»-•  2 

3  *-*  Q 

CL  V  Id 

3  Q  m 
►  ui  in 

<  3  to  3 

CL  \  O  CL 
U  0  J  0. 
CL  2  O  X 

2  2  3 

3  2  m 

h-  ^  3  « 

10  CL 

-  <  3  «b: 
10  HM 

Jc  <  x 

OQHjI 
3  2  Q 

3X3 
0  3  2 

3  X  ^ 
h-  <  2 
in  o  q 

<  a 

3  3  2 
3  3  3  < 
CL  CL 

<  2  > 

•  <  3 

3  3  3  3 
1 —  M 

3  X 

2  2  3  < 

3  3  <  2 


3 

3 


O 

2 


C-26 


USAF  EHL/K  WATER  POLLUTION  SURVEY-SPECIAL  PROJECT  72-1 ,  MCGUIRE  APS 
FORT  DIX,  NEW  JERSEY >  10-26  SEPTEMBER  1972 


* 

# 

# 

* 

* 

* 

* 

# 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

£ 

* 

* 

* 

# 


C 

o 

CJ> 


o 

<1> 

£ 


> 

Id 

O 


< 

Id 


Z 

o 


< 

< 

> 

UJ 

< 

O 


< 


iriPf^occ^-^Hh-^^f^^c^r-or^cff^cccccrrtir.  cccco'ccc 

l0lDf0t0vDOvfl^(\JK)f0r0OOv0OOOd,OOOOHC0HOOOOQQ  vU  Q 

^hccoiO'CKCK.  ^rccc^^cccinccrcci^ccccccccc 


r  c  '-cccvcccvcf'ir 

r-il^CMO'fO  ct  rO  <M 


a 


it 

ro 


(\I<0Otin0  0l3inOCCOt0ON(\H0  3''3OOOOilC0>'\IOO3O^Qt^ 

(\irvCh-fk-vCcvcc»Hi/’<iDvcccccf\j!r(\j*-iGocccrccccccc\occcc 

tHaj^{\j(0^^(\iHNO^O®lrtJ'iOOOOOOHHOOOOK)QQQ 


z 

Z> 

z 

►-4 

X 

< 


> 

Id 

Q 

z 

3 

z 


Id 

o 

z 

< 

a 


z 

•X 

UJ 

z 


incrooNcoa'vOLDinr-occoc^ctinincocsi 

4^  ^  h  vD  CJ  d1  d  fO  ID  vD  Cvj  *~<  CM  CO  ID  •-!  \D 

•A 


K>  rO  fO 
-<  ID  it 


Is- 

it 


ID 

IO 


vO 

r- 

vO 

CO 

vO 

CO 

f- 

H 

O 

t' 

O' 

a 

o 

Is- 

cm 

to 

it 

h- 

o 

ro 

:t 

Is- 

rO 

■D 

CM 

CO 

O' 

r- 

M3 

o 

ID 

O 

O 

r- 

ro 

M3 

ro 

O' 

vO 

CM 

O' 

IO 

ID 

vO 

it 

r- 

o 

Is- 

wH 

it 

o 

vO 

•H 

CM 

CO 

ro 

vO 

O' 

CO 

ID 

in 

it 

CO 

in 

o 

Is- 

ID 

it 

O' 

CM 

vO 

CM 

«H 

CM 

rH 

to 

*A 

fO 

H 

ID 

1^ 

H 

I  (  I 


O'  O'  CD 
X)  tO  Csi 


vD 

CM 


CD  I 

fO 


oaooooooooooaoooinooooooaooooooaoaa 

OOOOOOOOOOOOOCOOCMOCOOOOvDrOitOOOaitGitQ 

iDooooooo^oj^corvJ^.oooXiaoooooor^oooaocjocvia 


CCCvD(\iv0K)OO4K)D 
vOtinO'O'lOOHHH 
C\J  CM  (\j  H  H 


ID 


it 

CO 


fO  vO 

ct 


4CMs*OOOHCI'0'OHl0f0OK)O0'Nl0lf)OHOK)r<l0OOOOtQ\0Q 

Hv'MinOOONN^ONttOfOOH^tOOOiniO^vOHtHHOa^rH 

*HctcoctcooiDctcto*Hin*-<r-inoocto,'ooooooooooooooioo 


r-iocvji^incto^H^itr^co  ovOit 

Ov0v0«hvD10C0*hcsj«-i  r-«  ro 

H  ro  H  (\J  H  (\j  c\l  'H  ^ 


O'  CO 


V  V  V  V 


V  V  V  V 


z 

3 


X 

< 

z 


z 

3 


z 


oooooooooooooooooooino— <000000000000 
OOOOOOOOOOOOOOOOrDOOOLDOU-jr-l/)0-HJt^<— <COOih*-F 
lDOOOOOOOOOlDOrOO'COOOCMCOOOOOOCOOOOOOOQitkO 


h-c\icood-<\jcto*Hinr''~«H 
inOOvOHhHO'C'CVlH 
*h  LO  (M  ;0  cm  it  cm  «h 


K)  vO  O' 
«H  it 
CM 


rH  O 

«h  a* 
CM 


CM 


V  V  w 


V  V  V  v 


OOOOOOOOOOOOOOOOinOOinO«HOOOOOOOOOQOQ 

oooooooooooooooooooo»noin^cMin-».-t^-»ctoo-f 

OOOOOOOOOOOCM«HCOCMOOvOOOOOOO«HOOOOOOOCMO 


hCMO^  (MvOHOHH4h 
O'vO4^^<4HC0C0H 
CM  *H  «-4  CM  *H 


CO  vO  ID  D*  it 
vD  it 


V  V  V  V 


0) 

* 

Q  Z 

>-*  o  o 

X 

# 

J  >JQ  Z 

3 

O  X  < 

Z 

bA 

* 

i/u/t  v)  <  X 

UJ  z 

Zjl. 

O  Q  O  UJ 

O  Id  UJ 

UJ 

o 

* 

h  y  Q 

O  0  I— 

h-  LD 

ar 

J  J  J  U 

a:  o  < 

<  LO 

X 

* 

t/1  O  O  H  H  Z 

H-  CL  X 

X  UJ  Id 

u 

a  J)  J)  H*  Z  d 

*-«  H*  CL 

X  d)  z 

* 

>-  >-«  <  <  o 

2h  i/> 

L0<  Q 

H 

1*  J  U  D  J  U>  >-  3 

Z  O 

o  uj  x 

z 

UJ 

# 

H  O  Jj  Id  O  X.  X  o 

-J  LO  X 

xce  < 

uj 

•Jl 

Zc/)a>>ooo 

x  <  uj  a. 

ion  x  > 

3  3 

O  Id  Ld 

d  >: 

* 

*-«  Z  _J 

<»-<»- 

-J  oc 

v-i  <* 

X 

o: 

-•*  o  Z  X 

Z  3 

J  J  U1  O  J  J  J  J 

a  z  <  -j 

O  j£J  O  J  J 

>:  > 

uJ 

aJ  UJ 

Z  <  D 

►—4  r-» 

£  , 

<<x/)<c<<x 

-J  O  X  < 

r  z  n  4  j 

O  t  3  3 

Z  X 

>  z 

J  Z  D  -4 

x  >: 

jC  H  v/l  ,l-  h  1 —  F— 

3  uj  :£  r-  t— 

r-  J  .d  <  r- 

hl'  x  .r 

o  cu 

-J  LJ  vfl  <  lion 

3  3 

* 

X_J03>-*0  00003 

X  HIDO  lx  J 

I  l  J  txJ  H  !X  O 

r-»  H 

X  >- 

3 

CL  <  U-  D  ^  V-  t-  r-  r~ 

X  z  <  z  r- 

O  O  X  X  z 

d  I  J  M  h  u 

J>  z 

<  o  s;  -a  <  l> 

C-2.7 


NOTES;  UNITS  ARE  AS  FOLLOWS!  TEMPERATURE  IN  DECREES  Ct  COLOR  IN  COLOR  UNITS,  PH  IN  PH  UNITS,  TURBIDITY  IN  JACKSON  TURPIPJ7Y 
UNITS.  ALL  OTHER  UATA  IN  MG/L,  «  INDICATES  LESS  THAN.  P  INDICATES  DATA  NOT  INCLUDED  IN  STATISTICAL  COMPUTATIONS, 

ALL  SAMPLE  DAY  ENTRIES  INCLOSED  IN  C  3  ARE  GRAB-SAMPLES  TREATED  AS  COMPOSITES  FOR  EVALUATION, 

MAX  DEV  AND  MIN  DEV  ARE  EXPRESSED  AS  PERCENTAGE, 


USAF  EHL/K  WATER  POLLUTION  SURVEY-SPECIAL  PROJECT  72-1 «  MCGUIRE  AF8 
FORT  DIX.  NEW  JERSEY.  10-26  SEPTEMBER  1972 


* 

* 

* 

# 

* 

* 

# 

* 

* 

* 

# 

* 

* 

* 

<* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

LO 


a 


o 

a) 

r— 

n3 

»- 

* 

* 

* 

* 

* 

# 

* 

# 

* 

ft 

* 

* 

* 

* 

* 

ft 

ft 

* 

ft 

ft 

* 

* 

* 

* 

ft 

ft 

♦ 

* 

* 

* 


< 

D 


********* 
********* 
********* 
********* 
********* 
********* 
****  ***** 
********* 
********* 


co 

*  * 

*  * 

*  * 

*  * 

* 

*  * 

*  * 

*  * 

*  * 

* 

*  * 

*  * 

*  * 

*  * 

* 

>* 

*  * 

*  * 

*  * 

*  * 

* 

< 

*  * 

*  * 

*  * 

*  * 

* 

c 

*  * 

*  * 

*  * 

*  * 

* 

*  * 

*  * 

*  * 

*  * 

* 

*  * 

*  * 

*  * 

*  * 

* 

*  * 

*  * 

*  * 

*  * 

* 

r- 

*  o 

*  c 

*  * 

*  o 

* 

*  o 

*  o 

*  * 

*  in 

* 

*  o 

*  o 

*  * 

*  o 

* 

>- 

*  • 

*  • 

*  * 

*  • 

* 

rf- 

*  o 

*  O 

*  * 

* 

* 

o 

•  *  3 

*  3 

*  * 

* 

* 

* 

*  CM 

*  * 

* 

* 

* 

* 

*  * 

* 

* 

* 

* 

*  * 

*  V 

* 

F- 

MD 

*  * 

*  * 

*  * 

*  o 

* 

Z 

*  * 

*  * 

*  * 

*  in 

* 

UJ 

*  * 

*  * 

*  * 

*  o 

* 

3 

>- 

*  * 

*  * 

*  * 

*  • 

* 

3 

< 

*  * 

*  * 

*  * 

* 

* 

Ij. 

o 

*  * 

*  * 

*  * 

* 

* 

Z 

*  * 

*  * 

*  * 

* 

* 

>-» 

*  * 

*  * 

*  » 

* 

* 

*  * 

*  * 

*  * 

*  V 

* 

cz 

UJ 

i~: 

in 

o  o 

o  o 

o  o 

*  o 

* 

UL 

o  o 

3  O 

o  o 

*  m 

* 

►-< 

o  o  o  o 

o  o 

*  o 

* 

3 

>- 

•  * 

•  • 

•  • 

*  • 

* 

< 

< 

CO  o 

co  o  in  O' 

* 

* 

3 

a 

vO  00  CO  3 

vO  o 

* 

* 

o 

CM  «H 

CM  CM  ^ 

* 

* 

* 

* 

>- 

*  V 

# 

cr 

< 

2£ 

3 

O  * 

*  o 

o  o 

*  o 

* 

►H 

O  * 

*  o 

o  o 

*  in 

* 

a: 

O  * 

*  D 

o  o 

*  o 

* 

CL 

>- 

•  * 

*  • 

•  • 

*  • 

* 

< 

CO  * 

*  o 

co  in 

* 

* 

CD 

Q 

v£)  * 

*  03  r-1  CO 

* 

* 

Ll 

CM  * 

ft  CM  fO 

* 

* 

* 

* 

* 

* 

X 

* 

* 

*  V 

* 

FO 


O 

Ol 


>- 

< 

Q 


LI 

3 

3 

T. 

< 

lA 


000000*0* 
oooooo  *  3  * 
oooooo*  o* 

•  •••••*•* 

O  O  O  O  H  h*  #  * 

O  O'  CO  3  CM  *  * 

ro  cm  c\j  fO  *  * 

*  * 
*  V  * 


CM 


>- 

< 

o 


000000*0*. 
oooooo  ft  3  * 

oooooc\j*o* 

•  •••••*  •* 

o  iO  v0  h  co  *  * 

co  ro  3  o'  oo  Is*  #  * 

C\J  ^4  c-<  ^  *  * 

*  * 

#  V  * 


V 

< 

a 


oooooomoo 

ooooooolDlO 

ooooooooo 


vO  (O  CO  O  (\i  O 

3  >3  O  13  r\J  *0 

CM  r-i  <\J  CM 


V  V  V 


a 

z 

< 

in  in  z 

QQLil 

F4  H  □ 

-J  -J 

l^OOZ 
O  3  l/)  3 


CM 


>- 

< 

o 


>- 

< 

a 


V 

< 

o 


******** 

******** 

******** 

******** 

******** 

******** 

******** 

******** 

******** 


********* 

********* 

********* 

********* 

********* 

********* 

********* 

********* 

********* 


***** 
***** 
***** 
***** 
*  *  *  *  * 
***** 
***** 
***** 
*  *  *  *  * 


*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 


a 

z 

< 

si  in  >: 
o  ouj 

IH  ►“«  Q 
-J  -J 

in  o  o  z 
a  in  ui  j 
o 


cr 

.J  3  3  >- 

a 

cr 

3  3  3  >-  O 

Ul 

O  Ul  UJ  X 

o 

T. 

3 

0  3  3X0 

y 

i- 

l^Q>0 

3 

>- 

3 

F— 

in  a  ->  o  o 

>-  3 

UJ 

Z  3 

ir  *-« 

id 

7Z  3 

cr  »-• 

2g 

3  3  0  3 

3 

3 

>1 

3  3  0  3  3 

3  >. 

< 

<  a.  n  < 

< 

3 

O 

3 

< 

<  X  J%  <  < 

U  O  3 

cr 

F—  </)  '</)  h— 

F- 

3  cr 

r 

< 

cr 

F—  3  '/)  F—  F  • 

a  cr  :r 

< 

O  3  >-*  O 

O  O  UJ 

X  UJ 

0  3^00 

a  ij  x  3 

CL 

n  3  h- 

F- 

CD  Cl 

o 

.1  * 

a. 

J)  3  F—  F- 

U  >-  O  3 

>- 

> 

c  o  o  ro  o  cc  c 

o  o 

h* 

3 

co  3  in  ro  ro  CM  o 

o  o 

C 

3  vC  hia  (\i  C  C 

o  o 

c 

F^  • 

r  cifrr  c 

c  i r 

<c 

•*  rO  rO  cm  3  CM 

cc  z 

3 

3  O 

X 

H  *-< 

z  < 

O  H- 

in  3 
be  a 

> 

O'  7  H  D  l/U  o 

o  o 

o  X 

3 

cm  in  m  cc  cc  o 

o  o 

-U  O 

a 

m  JO  o  cC  3  CM  o 

o  o 

3  u 

•  •••••• 

c  « 

X 

a  vo  o  <o  co 

Z  3 

3 

vD  lO  H  (\J  K) 

►“<  < 

£ 

o 

M 

>-  H 

X 

H-  F— 

m 

X 

o  »  -<  • 

►-«  K  Z 

co  <  o 

> 

vCC'hhHO'O 

o  o 

<r  f~  n 

3 

o  co  r*  (M  o  \D  o 

o  o 

3  in.h- 

O 

r-  r-  in  3  co  vo  o 

o  o 

H  < 

•  •••••• 

*■  • 

Z  3 

X 

vO  ro  CM  CM  3 

1 

-►-i3 

3 

in  3  cm  tO  ro 

in  <c 

5: 

H  Q  > 

»-♦ 

*-*  3  3 

z 

Z  CL 

F-* 

3  3  cr 

51 

3  O 

X  (J  3 
CL  Z 

3 

o  o  o  o  o  o  o 

o  o 

*-»  m 

O 

o  c  o  o  o  o  c 

o  o 

Z  3 

Z 

0  0  0  3  0  0  0 

o  o 

»-«  H-  h- 

< 

*•••••• 

•  • 

o  y-* 

cr 

3  0CM30h- 

X  z  in 

3  rO  CM  CO  vD  vO 

CL  O 

H  H  H 

<  3 

Z 

-  F~  Z 

o 

m  <  o 

►— I 

H  Q  O 

F— 

H 

< 

z  in  in 

3 

3  3  *X 

3 

z 

o  o  o  o  o  in 

o  o 

F- 

< 

a»  o  iO  vO  o  3  o 

-O  n 

<r  <  o 

> 

3 

3  CM  CM  vO  3  ao  O 

o  o 

0  0  3 

UJ 

X 

•  •••••» 

•  • 

3  h  F— 

3  CO  K>  CM  in  *4 

o  o  < 

3 

h*  O  IT)  in  lO  O' 

O  Z  3 

< 

CM  «H  CM  CM 

►H  CC 

O 

Z  F— 

H 

»-•  n 

1— 

in 

in 

V 

V  V 

cr  «  3 

o  z  3 

h- 

3  <  3 

< 

X 

o  o  o  o  o  o  in 

o  o 

o  X  z 

F— 

3 

o  o  o  o  o  o  o 

in  in 

Uh  < 

in 

Z 

o  o  o  o  o  o  o 

o  o 

in 

»-i 

•  ••»••  t 

•  • 

-  in  i 

X 

o  o  o  o  *-c 

o  in  no 

< 

O  CO  «H  03  3  CM 

3  < 

21 

ro  «H  CM  OJ  rO  -4 

in  3  3 

3  o 

3  in 

3  UJ  3 

V 

V  V 

ID  F  -  3 

3 

X 


OOOOOO  10  oo 

oooooootnn 

ooooooooo 


z 

»-« 

X 


vO  O  CO*JD  H  O 

in  in  co  O'  co  vo 

CM  H 


a 

z 

< 

in  in  x: 
a  o  u 
o 

3  _J 

in  o  o  z 
3  in  in  ijj 

p~*  o 

3  a  o  >~  o 

o  uj  ui  x  o 

in  o  >  o  o  >- 

z  _J  a: 

J  uJ  O  J  J  3 

<  Ow  m  <  <  o 

f-  in  m  y-  o  r 

0  3^000  ij 
F-  CO  3  J-  *—  .£ 


3  <  < 
Q  O 


ZOui 

►«  z 


UJ  ►-«  i 

3  v  i 

3  Q  < 
F-  •  UJ  I 
<  3  m  i 
q:\oi 
UJ  O  3 

a.  xu 
s  -  z  i 
Id  z 


m  i 

—  <  id 

in  k-  ►-» 
*  <  cr 
o  3  >- 
3  Z 
3  cr  3 
o  ij 

U.  X  v 
F~  < 

in  o  o 
< 

3  Id 
UJ  3  3 
3  <  3 
<C  21 

•  < 
in  m  in 

F-  F- 

H  H  3 

Z  Z  3 
3  3  < 


J!. 


O  3 
■r  -c 
r  id 

u  3 


m 

d 


O 

Z 


C-28 


- 


* 

0 

ftftftftftftftftft 

* 

****ft***ft 

********** 

>- 

********** 

>- 

<r 

ftftftftftftftftft 

> 

COCC\.  IT  (C  c  C  C 

y- 

# 

O 

ft  ft  ft-  ft  ft  ftftft* 

3 

OCOOCMCMOOOO 

ftftftftftftftftft 

C 

c  a.  in  <\j  «-  io  c  cc 

c 

# 

ftftftftftftftftft 

►-«  * 

ftftftftftft*** 

4k 

i'  c  ir  a  d  c 

C  KT 

* 

< 

K)  CM  in  CM  m 

r X  2 

3 

3  O 

*■ 

CO 

ftftftftftftftftft 

h-  ^ 

******  ftftft 

h 

* 

ftftftftftftftftft 

2  < 

>- 

ftftftftftftftftft 

O  H 

ft 

< 

ftftftftftftftftft 

in  3 

c 

********** 

be.  C_ 

ft 

ftftftftftftftftft 

> 

(MonNfj'Oooo 

U  *2 

ftftftftftftftftft 

3 

iCC'lOr^O'OOC 

<  O 

ft 

ftftftftftftftftft 

a 

rHLT)3r^v03OOO 

3  CJ 

* 

s: 

h  in  vo  vO  o 

2  3 

r- 

ftftftoftftcftft 

C\i  CJ  3  *-»  CM  CV 

*4 

ft 

**fto*ftin*ft 

u 

ftftftCftftCftft 

•-« 

>- 

ft 

>- 

ftftft  •  *  *  •  *  * 

X 

f-  h- 

< 

ft  *  ft  CNJ  ft  ft  ft* 

►-i  in 

CD 

ft 

o 

ft  ft  ft  rO  ft  ft  ftft 

G  >-4  • 

U. 

ft  ft  *  CM  ft  *  ft* 

< 

ft 

ftftft  ft  ft  ft  ft 

CO  <  O 

ftftft  ftftVft* 

> 

cMiO^O'O'inooo 

CL  1-  ►-« 

lii 

ft 

3 

O'O^'OCT'O'OOO 

3  3  >- 

a: 

Q 

O'cccOiDrovOooo 

K  < 

►-« 

ft 

v£> 

ftftftftftftOftft 

•  •••••••• 

2  3 

g 

z 

ftft*ft**LO*ft 

s: 

H  O  in  O  CM  N  | 

-  »-<  3 

o 

ft 

ftftftftftftOftft 

3 

cm  cm  in  cm  in  -* 

3  <X 

o 

3 

>- 

ftftft  ftftft  •  ft  * 

2 

h-  O  > 

2 

ft 

3 

< 

ftftftftftft  ftft 

»-« 

►-«  3  3 

U. 

o 

ftftftftftft  ftft 

2 

2  C^ 

ft 

lL 

ftftftftft  ft  ftft 

K* 

3  3  a: 

-ft  C\J 

IxJ 

ftftftftftft  ft  ft 

2 

3  O 

i 

ft 

ftftftftftftVftft 

X  o  u. 

cj  0s 

a 

a  2 

ft 

i.j 

3 

ooooooooo 

»-«  3 

U 

in 

OOOOOOO*  ft 

O 

OGOCOOOOO 

2  UJ 

h-  x 

ft 

u. 

OOOOOOvD  ft  ft 

2 

ooooor^ooo 

>-<  J—  H- 

O  liJ 

*— « 

oooaooo  ft  ft 

< 

(•••»•••• 

O 

U!  CD 

ft 

CL 

>- 

•  ♦•••••ftft 

cr 

^  in  vO  cm  ro  O' 

X  2  3 

1  X 

-X 

< 

4  3  O'  vO  4  4  ftft 

c  in  in  co  o  cm 

a  o 

O  3 

ft 

3 

a 

cm  O'  cm  m  4  vQ  ftft 

H  H  H 

<  CL 

x  r- 

o 

CM  *H  <M  «H  ft  * 

2 

•-  H  2 

cl  a. 

ft 

ft  * 

O 

3  <  O 

3 

>- 

V  ft  ft 

M 

r—  q  o 

_J  3 

ft 

CL 

H- 

►-» 

< 

< 

< 

2  3  3 

»— 4  \0 

ft 

2 

4 

0000*00*  ft 

3 

3  l«J  < 

CJ  CM 

»-« 

ooooft  o  m  *  * 

3 

2 

oooroooooo 

H* 

UJ  1 

X 

oooo*  mo*  ft 

< 

<C 

ooofOJi'Oin^o 

x  <  a 

CL  O 

r— 

CL 

>- 

•  •••*••** 

> 

3 

OvOOlOWhOOd- 

0  0  3 

10  -ft 

< 

o  in  m  >t  *  h  *  * 

UJ 

2 

•  ••»••••• 

3  ►-«  »— 

| 

CO 

Q 

xO  v£)  O'  CM  ft  CO  ftft 

HAJd-O'ON 

O  Q  < 

>-  * 

CD 

Ll 

CM  -H  CM  *  *  * 

3 

i  (MOH  lOh 

0  2  3 

UJ  >- 

i — 

< 

ft  ft  * 

< 

CM  CM 

H*  X 

>  3 

-Q 

ftl 

2 

*  V  *  * 

O 

2  H* 

CL  L0 

»— 

t 

M 

►ft  tJ 

3  a: 

ro 

h- 

3 

in  uj 

ft 

x 

ro 

ftOftOOOOftO 

CM 

*  #  *  * 

ft 

ft- 

ft- 

ft 

ft 

in 

V  V 

X  *3 

*3 

*o*oooinfto 

*~4 

♦  *  ft  ft 

ft 

ft 

ft 

ft- 

ft- 

»-* 

0  2  3 

z 

ft 

L- 

*0*00^0*4 

*  #  ♦  * 

ft 

ft 

ft- 

ft 

ft 

h- 

3  <  X 

6  3K 

z 

>- 

*•*••••*• 

>- 

*  *  *  » 

ft 

ft- 

ft 

* 

ft 

< 

2 

ooooooooo 

0X2 

►-♦  UJ 

ft 

►ft 

< 

*■  in  ft  o  to  ro  ft 

< 

*  #  ft  * 

ft- 

ft 

ft- 

ft- 

ft 

h- 

3 

ooooooincto 

O  h*  < 

2 

O 

a 

ft  «H  ft  CO  vO  O'  * 

Q 

*  *  *  *■ 

ft 

ft 

ft 

ft 

ft 

in 

2 

ooooor-oocr 

3  • 

o 

ft 

CL 

ft  r*  ft  «H  •*  ft 

*  *  *  ft 

ft 

ft- 

ft- 

ft 

ft 

hft 

. ••• 

-313 

_J  - 

*  ft  ft 

*  *  *•  ft 

ft- 

ft 

ft 

ft 

ft 

X 

cm  o  &  in  ro 

O  3  CD  O 

3  x 

ft 

UJ 

ftft  V  # 

*  *  *  ft- 

ft 

ft 

ft 

ft 

ft 

< 

O'  CM  CM  in  vO  O' 

UJ  <  < 

o  ►# 

3 

2 

CM  CM  CM  *-» 

3  3  X  H- 

CL  Q 

ft 

CL 

2 

CM 

OOOOOOO*  ft 

w 

ft  *  *  * 

ft- 

ft 

ft- 

ft- 

* 

UJ  0  2 

3  3  UJ 

X  1— 

ft 

< 

OQOOOOIO*  ft 

rH 

**** 

ft 

ft 

ft 

ft 

ft 

X  Id  3  O 

UJ  cl 

in 

OOOOOvQOft  ft 

*  *  *  ft- 

ft 

ft 

ft 

ft 

ft 

V  V 

id  r—  x  cl 

V-  o 

ft 

>- 

•  ••••••ftft 

>- 

ft  *  *  ft- 

ft 

ft 

* 

ft 

ft 

3  <C  <C  3 

<  iL 

< 

co  o  co  ru  ^  ft* 

< 

ft  *  *  * 

ft- 

ft- 

ft- 

ft 

ft- 

O  O  X 

3; 

ft 

Q 

cOCMvOl^vOaO  ftft 

Q 

#  *•  *  * 

ft 

ft 

ft 

ft- 

ft 

2 

ooooooooo 

1-4  n 

H  H  H  ftft 

#  *  *-  ft 

ft 

ft- 

* 

ft 

ft- 

3 

000000104*0 

2  O  cj  3 

ft 

ft  ft 

*  *  *  ft- 

ft 

ft 

ft 

ft 

ft 

2 

000000004 

►ft  2  < 

V  ft  ft 

ft  *  *  * 

ft 

ft- 

* 

ft- 

ft 

t~4 

#••••••«• 

►ft  2 

j 

ft 

2 

OC  in  CO  4  CM  4 

3  »-*  O 

X 

M 

co  NO  vO  C'  vn  lO 

XV  3 

3 

ft 

oooooaoo  ft 

O 

*  *  ■*  * 

ft- 

ft 

ft- 

ft 

ft- 

2 

3  a  3 

00000034  * 

•H 

*  *  *  ft- 

ft 

ft 

ft 

ft- 

ft 

H  •  LiJ  3 

Ll 

ft 

oooooooo* 

ft  *  *  * 

ft- 

ft 

ft- 

ft 

ft- 

<  3  3  3 

<c 

>- 

•  «••••••* 

>- 

*  *  •«■  * 

ft 

* 

ft 

* 

ft 

X  v.  O  CL 

in 

ft 

< 

cm  co  d-  o  o  in  * 

< 

**** 

ft- 

ft- 

* 

ft- 

ft- 

V  V 

3  O  3  CL 

3 

Q 

^  \0  c\j  u)  m  n  * 

a 

*  *  *  ft- 

ft 

ft 

* 

ft 

ft 

X  2  O  X 

ft- 

CM  CM  CM  «H  * 

ft  *  >  * 

ft 

ft 

# 

ft 

ft 

2  2  3 

ft 

ft*-#* 

ft 

ft- 

* 

ft¬ 

ft 

bJ  Zh 

ft 

W  ft 

*  *  *  * 

ft 

ft 

ft 

ft 

ft 

h-  ►-«  3 

3  X 

ft 

-  <  3  < 

3  »-  *-« 

ft 

<  X  > 

•i 

O  JH  IJ 

ft 

3  2  0 

3X3 

ft 

0  3  2 

II  X  )■  ft 

ft 

K  <  2 

Q 

a 

a 

3  0  0 

ft 

2 

< 

2 

<C 

2 

< 

<  a 

3  3  2 

ft 

in  in  3: 

in  in  s. 

in  in  2 

3  3  3  < 

o  O  UJ 

QOIJ 

Q  Q  UJ 

X  <  OL 

ft 

i~*  ►— 4  Q 

M  H  O 

M  M  □ 

<  2  > 

-1  -J 

3  3 

3  3 

•  <  3 

ft 

in  o  o  2 

I/IOOZ 

l/)OOZ 

3  3  3  0 

J  3  3  UJ 

3  in  in  v  j 

o  i/>  in  u 

1 —  1— 

ft 

H  O 

H-l  (J> 

O 

►ft  *-•  3  X 

CL 

3  O  3  3 

CL 

3  O  3  >-  Q 

j  □  a  >-  a 

-I  2  3  < 

ft 

U 

o  uj  uj  x  o  x  x 

IJ 

O  UJ  3  x  O 

>: 

2 

'  0  3  3X0  2  >: 

O  3  <  X 

»— 

3  a  >  a  o  3  3 

h- 

in  3  >  o  o 

3 

3 

1/)  O  >0  (J  3  3 

ft 

LiJ 

2  3  *-«  3  2 

liJ 

2  3 

►-«  3 

2  3  ►-•3  2 

*  • 

>: 

3  3  0  3  3  S3--* 

3: 

3  U  O  3  3 

5-: 

3  H 

3  3  0  3  3  X  3  -• 

3 

ft 

< 

<  a.  n  t  t  o  l  s: 

‘C 

^  x  n  -c 

< 

o 

2 

<  x  n  <  <  o  ^  2 

3 

CL 

r-  in  m  l  -  r-  O  X  O  3 

CL 

h-  in  j]  »-- 

H- 

a 

:L  o 

D 

H-  3  7)  »-  O  CL  O  3 

H* 

ft 

< 

O  3  -»  O  3  3  X  ■■*  3 

O  3  o 

O  3 

H 

3 

O  3  ►  0  0  0X^3 

O 

0. 

h  jlOhH  O  O  2  < 

a. 

h-  in  OH 

H 

a  o  2  < 

1-  7)  a  H  h*  QU2< 

2 

C-29 

-  •  •  > 


USAF  EHL/K  WATER  POLLUTION  SURVEY-SPECIAL  PROJECT  72-1,  MCGUIRE  AF8 
FORT  DIX,  NEW  JERSEY,  10-26  SEPTEMBER  1972 


<r 

O 


CO 


>- 

< 

c 


>- 

< 

o 


******** 

******** 

******** 

******** 

******** 

******** 

******** 

******** 

******** 


******** 

******** 

******** 

******** 

******** 

******** 

******** 

******** 

******** 


***o**o* 
***o**in* 
***o**o* 
***  •**  •* 

*  *  *  CO  *  *  * 

*  *  *  C\J  *  *  * 

*******  * 

*  *  *  *  *  * 


*  *  * 


*  *  V  * 


# 

vO 

******  O 

* 

1— 

******  in 

* 

* 

z 

******  0 

* 

UJ 

>> 

******  ♦ 

* 

* 

13 

< 

****** 

* 

-J 

O 

****** 

* 

* 

X 

****** 

* 

X 

****** 

* 

* 

UJ 

******  V 

* 

* 

cc 

UJ 

to 

0000000 

* 

* 

1- 

0  0  0  0  0  0  in 

* 

-J 

0  0  0  0  0  in  0 

* 

* 

K-< 

>- 

•  •  • 

* 

IL 

< 

cm  0  cm  tn  in  it 

* 

* 

a 

lO  sQ  D  0  rO 

* 

CD 

CM  **  •* 

* 

* 

z 

* 

V 

* 

* 

-J 

bC 

* 

CD 

0  0  0  0*00 

* 

0  0  0  0  *  0  in 

* 

CO 

CC 

0000*00 

* 

r — ' 

H* 

>* 

•  •  •  •  *  •  • 

* 

1 

< 

0  in  in  vO  *  cm 

* 

QQ 

Q 

CM  ^  r-  r4  *  K) 

* 

0) 

X 

CM  r-4  * 

* 

1 — ■ 

< 

* 

* 

.n 

rn. 

>: 

1 

ct 

*  V 

* 

h“ 

* 

z 

rO 

*0*0000 

O 

CM 

* 

* 

* 

*  0  *  0  0  0  in 

vO 

* 

* 

* 

* 

h- 

*  0  *  0  0  0 

»H 

* 

* 

* 

Z 

>- 

*•*•••• 

• 

>- 

* 

* 

* 

* 

*-1 

< 

*  O  #  t  OH 

< 

* 

* 

* 

O 

Q 

*  vQ  *  ^  co  n 

□ 

* 

* 

* 

* 

X 

*  *  r-| 

* 

* 

* 

*  * 

* 

* 

* 

* 

UJ 

*  *  V 

* 

* 

* 

-J 

* 

X 

2 

CM 

0000000 

* 

H 

* 

* 

* 

* 

< 

0  0  0  0  0  0  in 

* 

* 

* 

* 

bl 

a  0  0  0  0  m  0 

* 

* 

* 

* 

* 

>- 

•  •••••  t 

* 

>- 

* 

* 

* 

< 

O  co  CM  ct  00  cO 

* 

< 

* 

* 

* 

* 

O 

cO  vD  h  ch  vO  rO 

* 

O 

* 

* 

# 

CVJ  CM  -t 

* 

* 

* 

* 

* 

* 

* 

* 

* 

V 

* 

* 

* 

* 

* 

* 

W 

0000000 

* 

O 

* 

* 

* 

0  0  0  0  0  0  m 

* 

* 

* 

* 

* 

0000000 

* 

* 

* 

* 

V 

•  ••••»• 

* 

>- 

* 

* 

* 

* 

< 

ct  ct  0  ct  in  co 

* 

< 

* 

* 

* 

Q 

vO  CM  ct  M)  n>  fO 

* 

O 

* 

* 

* 

* 

CM  C\|  H  H 

* 

* 

* 

* 

* 

* 

* 

* 

* 

V 

* 

* 

* 

* 

*  *  *  *  * 

***** 
*  *  *  *  * 

***** 
***** 
***** 
*  *  *  *  * 

***** 
*  *  *  *  * 


*  *  *  *  * 

***** 
*  *  *  *  * 

***** 
***** 
*  *  *  *  * 

***** 
*  *  *  *  * 

*  *  *  *  * 


*  *  *  *  * 

***** 
*  *  *  *  * 

*  *  *  *  * 

***** 
***** 
***** 
*  *  *  *  * 

*  *  *  *  * 


OC 

Ul 

h- 

Ld 

5£ 

< 

CC 

< 

X 


Q 
Z 
< 

bun  >: 

QQUJ 
*-*»-»  Q 
-J  _J 

bi  o  o  z 

C*  b)  b)  UJ 

»-«  o 

J  O  D  >•  O 

O  111  uj  X  o 

01  □  >  O  (J 
z  -J 

-J  Id  O  -J  -J 
<  0.  ./I  <  < 

O  3  O  O  O  X  -J 

h  o  h  }-  a  a  < 


3  3 


7>I  H-» 

o  2: 


< 

U)  if)  z 

QQU 

— »  Q 

-J  _J 

b>  O  O  Z 
J)  l/>  J)  i  J 
»-« 

X  J  3  D  >-  O 

ul  O  U  LJ  X  O 

h-  Ol  Q  >  O  U 

Ul  2  _l 

z  -J  ui  a  j  j 

<  <  cl  y>  <  < 

X  H-  {/I  X)  v-  H  O  :r.  J 

*£  OOHOOOtJ 

X  HJQhH  D  tD  -X 


23  Z 
3  3 


53  ►h 
O  2T 


> 

UJ 

C 


< 

UJ 

51 


2 

O 


< 

-J 

< 

:> 

UJ 

-J 

< 

o 


< 

H 

CO 


z 

< 

UJ 

2T 


S 

3D 

23 

H 

X 

< 


s 

3 

s 

►H 

z 

»-* 


CCCK1CCOO 

OCNJLDfOOOOO 

c  o  r-  k,  e  \c  o  o 


a  •- 
rvj 


ct  c* 
CM  H 


vC  CV 
OJ 


>- 

t- 


a  b 
cc  z 
3  O 
H  h 
h- 
Z  < 
O  H 
10  3 


> 

ct 

CM  K>  K)  cO  CM 

O 

O 

U_ 

ID  2: 

X 

in 

it;  r-  cc  m  ct 

O 

O 

<  C 

a 

vO  vO  cr'  0  r* 

O 

O 

3  O 

• 

•  •  •  •  • 

• 

• 

ct 

t"*  ♦*  &  0  (71 

Z  -J 

H  M  (\J  H 

< 

z 

C3 

H 

>*  r-4 

X 

t-  5- 

< 

»h  1/) 

0  »H  • 
HHZ 
X  <  0 

> 

in 

ct  in  ct 

0 

O 

CC  h  M 

U) 

•H 

H  vO  H  vO 

0 

O 

OWh 

0 

H 

Ct  CO  «H  vC  *H 

O 

0 

h*  < 

2 

Z  3 

K) 

HMt  t  O' 

| 

*  3 

3 

«H 

lilHH  K) 

b)  < 

1-  0  > 

F-* 

M  U  U 

z 

z  0 

H 

3  3  X 

21 

-J  O 

Ul 

X  U  X 
X  Z 

O 

OOOOO 

O 

O 

►h  b) 

e> 

O 

OOOOO 

O 

O 

Z  Ui 

z 

O 

O  O  O  O  vO  O 

O 

Hhh 

< 

• 

•  •  «  •  • 

• 

» 

O  »-« 

X 

CC 

ct  co  cp  vo 

X  Z  bO 

vD 

--t  ct  co 

X  0 

00000000 

O  O  b>  O  O  O  b>  sO 
Oj’(\Jl/)O0'OH 

•  ••••••• 

cf  CM^  ro  4-  Ct 
J  J  O'  t  O  K) 

CVJ  »H  »H 


OOOOOOOO 

oooooomvo 

oooooroo«-t 

•  •»••••• 

o  20  o  m  in  as 

CO  vO  ct  vO  If)  10 

CVJ  CM  *H  »H 


OOOOOOOO 
OOOOOOlDvO 
ooooor^oc-4 
•  ••••••• 

CVJ  Ct  CM  vO  CO  *H 
H  (\J  vO  rH  vO  fO 
CVJ  -H  r* 


a 

z 

< 

in  in  s: 

QQU 
»--«  •  -«  □ 

-J  -J 

b>  o  o  z 

Q  b)  b>  uJ 
»-H  O 

j  a  D  >-  a 

O  JuJXO  Z  3l 

b>  O  >  O  <D  3  3 

Z  -J  -«  z 

J  U  O  J  J  ^  r* 

<*  x  n  *  cc  05: 

h  '1 1/)  1-  o  y  3 
O3»~«ooox3 

h  'Jl  D  H  H  U  O  < 


<  X 
*  h-  :£ 
b>  <  O 
H  O  O 

zincn 
3  Ld  < 

H 

x  <  3 

O  U  UJ 
_J  J— 

O  Q  < 
U2U 

*-•  x 

Z  h 

»-♦  n 

b) 

a  •  UJ 

o  z  _J 
-J  <  X 

0x2: 

ID  I-  < 

in  • 
*■  1/1  1  u 

UUfQO 
UJ  <(  <x 
in  -i  cc  h- 

Id  O  Z 
LiJ  bl  UJ 

cr  ui  uj  o 

O  h  CC  CC 
UJ  <  <  tu 
Q  <D  X 

I-*  n 

Z  Q  u  b) 

H  Z  < 

►H  Z 

UJ  »h  Q 
XV  Ul 

3  a  b) 
y-  •  uj  bi 

<  -J  b)  td 

or.  x  o  x 
IlI  CO  J  D. 
X  Z  O  X 
5:  Z  Id 

Ul  Z  H 

h-  fh  Ul 
b)  x 

*•  <  uj  < 

b)  h- 

<  x  > 

o  OhU 
-J  Z  Q 
_J  X  Ul 
O  UJ  Z 
X  X  >-  >-• 
Y-  <Z 
b)  o  o 

<  a 

J  UJ  z 
UJ  _l  -J  < 
OC  <  X 

<  X  > 
•  <  Ul 

bl  b)  bl  o 
h—  F** 

t-4  ^  X 
Z  Z  J  < 
3  <  X 


b) 

Id 


C-30 


USAF  EHL/K  WATER  POLLUTION  SURVEY-SPECIAL  PROJECT  72-1 t  MCGUIRE  AFB 
FORT  DIX»  NEW  JERSEY*  10-26  SEPTEMBER  1*372 


w 

a 

******** 

* 

******** 

******** 

* 

>- 

******** 

< 

******** 

* 

o 

******** 

******** 

* 

******** 

******** 

* 

* 

CO 

******** 

******** 

* 

V 

******** 

******** 

* 

< 

******** 

c 

******** 

* 

******** 

******** 

* 

******** 

* 

r- 

*0*0*  *  o  * 

* 

*0*0*  *in* 
*0*0*  *o* 

* 

>- 

*  •*  •#*  •* 

<r 

*  o  *  co  *  *  * 

* 

o 

*  vO  *  o  *  *  * 

•*  *  *4  *  *  * 

* 

*  *  *  *  * 

*  *  *  *  V  * 

* 

* 

vO 

******  o* 
******m* 

* 

h 

*****  #o* 

Z 

>- 

******  •* 

* 

3 

******  * 

3 

o 

******  * 

* 

3 

******  * 

lL 

******  * 

* 

U- 

******v* 

3 

* 

a: 

in 

ooooooo* 

* 

3 

0000003  * 

HH 

ooooooo  * 

* 

It 

>- 

»••••••* 

HH 

cC 

cc  vO  CM  3  CO  3  * 

* 

X 

a 

CM  3  m  CO  CM  * 

< 

CM  rH  «H  * 

* 

3 

* 

O 

V  V  * 

* 

* 

3 

< 

d* 

ooooooo* 

cn 

Z 

0000003* 

tH 

0000030  * 

i 

u. 

>- 

•  •••••«* 

O 

< 

CM  O  CM  vO  O'  'O  * 

a> 

CO 

Q 

»H  cf  h-  rH  IM  * 

U. 

CM  *-H  *-H  * 

r— 

<n 

fO 

< 

X 

* 

V  * 

J— 

1 

in 

x 

X 

oooooooo 

CM 

* 

ooooooino 

*H 

* 

* 

j— 

OOOOOCOOO 

* 

z 

>- 

>• 

* 

* 

HH 

cl 

O  CM  3  3  3  3  .3- 

< 

* 

o 

Q 

3  3  CM  Is-  fO 

Q 

* 

* 

CL 

CM  HriM) 

* 

* 

* 

3 

U  V 

* 

3 

* 

Gl 

X 

CM 

OOOOOOO* 

H 

* 

* 

< 

0000003  * 

*  rH 

* 

in 

OOOOOCMO* 

* 

* 

>- 

•  ••••••* 

>- 

* 

< 

cf  3  3  3  r-  &  * 

< 

* 

* 

Q 

3  r-  O  3  o  3  * 

Q 

* 

*H  H  H  * 

* 

* 

* 

* 

n  v  * 

* 

* 

* 

H 

ooooooo* 

O 

* 

0000003  * 

wH 

* 

* 

OO  3000  0* 

* 

>- 

•  •••••»* 

>- 

* 

* 

< 

vO  ^  CM  co  H  O  * 

< 

* 

a 

* 

a 

* 

* 

CM  CM  «H  * 

* 

* 

* 

* 

V  * 

* 

X 

3 

H- 

Ij! 

A 

< 

cc 

< 

0. 


Q 

Z 

< 

3  3  X 
O  O  Id 

HH  Q 

3  «l 

3  o  o  z 

3  ^  iU 

m  CD 

-I  O  Q  V-  O 

O  oJ  U]  X  O  2  51 

^  O  >  O  u  3  3 

21  3  ►HZ 

3  3  0  3  3  X 

<  a.  <  <  os: 

H  J)  i/l  J-  ^  Q  X  3 

O  3  'H  O  O  O  X  3 

h'.ODhHTJ  O  < 


a: 

u 

h- 

3 

< 

a: 

< 

.a. 


******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 


******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 


******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 


a 

z 

< 

3  3  x 
Q  Q  3 

HH  O 

3  3 

3  o  o  z 
3  3  3  3 
hh  O 

3  3  o>-  a 
O  ixl  3  X  o 
^)Q>00 


S  £ 
3  3 
►h  Z 


3  3  0  3  3  X  -» 

<  a.  7i  <  <  os: 

h  LO  i/)  H  H  Q  .t  D 
0  3»-*000X3 
h  i/l  QH  h  D  U  < 


Z 

o 


< 

3 

3 

< 

> 

3 

3 

< 

O 


3 


< 

h- 

3 


> 

C3C3CMitOO 

»- 

3 

0303CM000 

HH 

O 

CC  3  3  3  CM  O  CJ  c 

c 

•  ••••••• 

►H  • 

*L 

CL  i;  K.  r  Mr. 

a  u 

< 

(M  n  fO  H  H 

CL  Z 

3 

3  o 

X 

h- 

H 

z  < 
o  ►- 
3  D 

*  a 

> 

3333^300 

O  X 

3 

3  r-  CM  3  3  O  O 

<  o 

a 

0'33on-300 

•  •»•••«• 

-)  o 

X 

CO  H  H  IT)  O'  d) 

Z  3 

*”x 

H  ^  ^  H  H 

►H  <X 

X 

»H 

>-  >-H 

X 

1-  »- 

< 

HH  3 

X 

OH  • 
HH  H  Z 

3  <  o 

> 

O'CMCOO'OO 

CL  H  >-H 

3 

O  3  d-  3  d  -H  O  O 

3  3  »- 

a 

33dor-300 

K  < 

•  ••»•••• 

Z  3 

X 

o  3  o  3  d  o  | 

•*  hh 

(MlDcJHHCM 

3  < 

X 

I-  -  Q  > 

HH 

H  Id  3 

z 

Z  O 

»-H 

3  3  ft 

X 

O 

I  ULL 

0.  z 

3 

OOOOOOOO 

HH  3 

ID 

oooooooo 

Z  3 

Z 

00000300 

h  H  h 

•X 

•  ••«•••• 

O  hh 

cr 

CM  d  3  O  CM 

X  Z  3 

O'ln^^iOH 

CL  O 

H 

<  0- 
X 

3  «*  O 
h  Q  O 

HH 

z 

< 

lj 

x 


X 

3 

£ 

HH 

X 

< 

z 


x 

3 

x 

HH 

z 

H 

X 


OOOl^r-OOO 

o  o  o  o  o  CM  x>  o 

OOOvOvDrHOO 
•  ••••••• 

CM  in  cO  CO  04  O  cf 
io  m  r-  cm  &  ro 

CM  H  H 


V  V 


oooooooo 
ooooooino 
ooooocooo 
•  ••••»•• 
vo  co  cm  co  m  d- 
h-  N  in  3  w  K) 

CM  CM  *-H 


oooooooo 
ooooooino 
oooooooo 
•  ••••••• 

d  r*  vD  CO  O'  d  3 

co  CM  o  o  r-  CM 

•H  *H  *H 


V  V 


a 

z 

< 

in  in  x 

q  o  UJ 

HH  »-4  Q 

3  3 

in  o  o  z 
a  in  -n  id 

HH  ID 

3  3  3  >-  a 
O  Id  3  X  O  XX 

l/)Q>OU  3  3 

Z  3  m  Z 

3  '3  O  3  J  X  hh 

<  ol  3  «c  <  ox 

H  /)  J)  f-  3  CL  3 
O  3  *-i  O  O  O  X  3 

n  o  h-  k-  x  u  < 


z  in  in 

3  Id  < 

H 

X  <  Q 
O  O  Id 
3  *-«  H 
O  Q  < 

O  Z  3 
►h  a: 

Z  *- 

hh  w 

in 

CL  •  3 
O  Z  3 
3  <  CL 
O  X  X 
UH< 

in  • 
•>  in  i  u 
o  in  co  o 

Id  <  < 

in  jxh 

3  O  Z 
3  in  3 
a:  id  bJ  o 
o  t-  a:  a: 
3  <  <  3 
Q  O  0- 
hh  n 

Z  Oul/1 
HH  Z  < 

•H  Z 

UJ  ►“<  Q 
X  V  3 
3  Q  m 
h-  •  3  in 

<  3  in  3 
K\OCC 
UJ  <D  3  a. 
a.  x  u  x 
X  z  u 

3  Z  hh 
h-  hh  3 
in  oc 

•*  *1  3  < 

in  h*  H 
<  cl  :> 
a  h-  3 
z  a 

3  CL  3 
O  Id  Z 
U_  X 

»-  <  X 

in  o  a 

<  o 

3  3  Z 
Id  .J  J  < 
X  <  o. 

<  X  > 

•  <t  Id 

in  m  in  q 

h~  H* 

HH  HH  3  X 

Z  Z  3  <C 

3  3  <C  X 


in 

•ij 


3S 

O 

3 


C-31 


* 

* 


* 

>- 

<r 

* 

a 

* 

* 

* 

CO 

* 

>- 

* 

< 

c 

* 

* 

* 

* 

* 

>- 

«£ 

CO 

* 

Q 

X 

< 

* 

UJ 

* 

or. 

»4 

* 

M? 

3 

CD 

* 

O 

>- 

Z 

* 

< 

O 

•u 

* 

f- 

•4  CM 

Z 

i  r- 

* 

u 

CM  O' 

3 

r-  —4 

* 

3 

X 

in 

h  o: 

* 

X 

U  UJ 
UJ  cc 

* 

X 

v 

3  Z 

a 

< 

O  UJ 

* 

UJ 

a 

X  h- 

i- 

X  X 

* 

< 

UJ 

z 

3  LO 

* 

H 

< 

X 

►4  vO 

* 

o 

di- 

O  CM 

O 

CM 

1 

3 

UJ  1 

X 

X  O 

o 

>- 

10  —4 

O 

< 

» 

cu 

_a 

CO 

Q 

>■  * 
UJ  >- 

X 

«c 

>  UJ 

o 

ZL 

Cl  LO 

h- 

t 

3  cc; 

vC 

to  UJ 

* 

X 

ro 

"J 

z 

» 

V- 

o  ^ 

z 

>- 

►4  l-J 

* 

>4 

< 

z 

o 

a 

3 

* 

X 

3  •» 
3  X 

* 

UJ 

O  *-4 

3 

x  a 

* 

X 

>: 

CM 

X  H 

* 

< 

UJ  X 
H  o 

* 

to 

>- 

<  X 

< 

3t 

* 

o 

X 

* 

3 

X 

Ixl 

* 

-4 

X 

* 

< 

>- 

10 

* 

< 

3 

* 

o 

* 

* 

* 

* 

* 

* 

* 

•if 

•* 

o: 

* 

UJ 

f- 

* 

u 

* 

oC 

o: 

* 

********* 
********* 
******  *** 
********* 
********* 
************ 
************ 
************ 
************ 


********* 

********* 

********* 

********* 

********* 


******** 

******** 

******** 

******** 


********** 

*  *  *  ******* 
*********  * 
********** 
********** 


******** 

******** 

******** 

******** 


*  * 


*  * 
f  * 


******** 

******** 

******** 

******** 

******** 

******** 

******** 

******** 

******** 


*  *  *  *  * 

*  *  *  *  * 

*  *  *  *  * 

*  *  *  *  * 

*  *  *  *  * 

*  *  *  *  * 

***** 
*•*■**•* 
*  *  *  *  * 


*  *  *  *  o  * 

*  *  *  *  c  * 


*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 


*  O  * 

*  •  * 

*  CM  * 

*  VC  * 

*  -4  * 

*  * 

*  * 


*  *  *  *  * 

*  *  *  *  * 

***** 
***** 
*  *  *  *  * 

***** 
*  *  *  *  * 

***** 
***** 


*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 


*  * 

*  * 


****** 

****** 

****** 

****** 

****** 

****** 

****** 

****** 

****** 


*  * 
*  * 


****** 
****** 
*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 


*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 


ooooooo 


cm 


o  o  o  o  c 

o 

* 

OOO 

O 

cr.  o 

* 

o  in 

o  o 

c 

* 

O  -4 

o  o 

o  o 

o 

o 

* 

o  o  o  o  o 

c 

* 

OOO 

O 

o  o 

* 

o 

O 

o  o 

o 

* 

in  o 

uo  cm  in  co  -4 

CJ 

* 

o  C-  o  c:  o 

cr 

* 

CJ-  C  CC 

\D  in  co 

* 

o 

c 

vO  o 

L^. 

* 

G  O 

o  o 

VO  cr 

c 

o 

* 

• 

* 

•  •  • 

• 

*  • 

* 

• 

• 

•  « 

V 

* 

•  o 

•  • 

•  • 

• 

* 

* 

(\)  to  vO  vfl  O  f"* 

* 

cr  CM  vT 

o  in  * 

in 

in  vo  «4 

* 

r4 

* 

in  n  r-  cm  cm 

cC 

* 

CM  -4 

—4 

* 

r- 

to 

* 

* 

CM  -4 

* 

* 

-4 

-4 

* 

* 

* 

* 

* 

* 

* 

* 

*  V  V  V 

> 

> 

* 

o  o  o  o  o 
-4  vO  o  CV  *4 
c  C  O  IT  o 


ooooooo  *oooooooooooonooo  *0-4000000  *  o 
CO  CO  O  O  O  *  OOGOOGOOOOOOOOOO  *LT)Oinmf)OH^  *  T-4 
ooooooo*oooooirj'X>vOC^a'ooocooin*oooo.'4-ooo*a 

. *  »•••••••••••«•••*  •  •••••••*  • 

h.  -t  n  n  •>  Al  ftl  -rt  O  -t  fO  ^  N  O  irt  H  O!  c±  it  -4  *  -4  * 


t-iJ-OOitCMCM*  .OX)  □  ^  ro  ^  h 
COl/)H  C  (V  cr  *  W  ^  H  C\]  C\)H 
CM  *  .-4  -4 

* 

*  V 


OtOHCM 
CM  h- 


C*  it  *4  * 

in  * 

-4  * 

* 

*  V  V  V 


'  * 

* 

* 

* 

* 

V  V  *  V 


o  o  a  o 

3-  O  CM  *-< 

0  0-40 


OOOOOOOOOOOOOOCOOOOOfOOOO*  o  rH  o  *  oooo*  o 

ooooooo  ooooooooooooo— »  o  o  o  *  in  o  in  *  o  n  «h  cr  *  *4 
0>ooooooooooo«Hino^'OoooocMoin  *ooo*-400o  *o 

(•••••••••t********1****1^  •  •  •  *  •  *  •  9  #  * 

Oito-4cOvQ<Md-Js-OrOitinitls-  oOrOCM 

O'  fO  H  O  lO  h  :t  C\j  m  t*J  CM  -4  -4  -4  CM  *H 

rO  -4-4  HH  -H 


CMOOOOOOOOO- 


o  o  o  o 

LOOC^H 
0  0-40 


fc  V 
CC  Z 
3  c 

h*  »4 

H 

z  < 

o  J~ 
in  3 
CL 

o  s: 

<  o 

3  u 

Z  3 

o 

»H 

H-  H 
Ki  to 
Q  *-■*  • 

»-4  h-  z 
CD  <  O 
i —  • — » 
D  l/l  h 
h  <C 

z  3 

‘HJ 

to  < 

I-  o  > 
»-<  LtJ  Lu 

z  o 

3  3  a: 

3  o 

X  O  Ll 

a  z 

.  »-4  in 

z  u 

►4  }—  f- 

O  *-« 

X  z  to 


h-r-ooocjocoo'oo^-oor^  0030 
CO  4-  H  j-  H  t\J  in  03  f\l  -I  H  -4  CM  CO 

CM  CM  CM  —4 


3  CM  -4 

*  * 

-4 

* 

-4 

X  o 

O' 

*  * 

* 

<  X 

-4 

*  * 

* 

-  H  Z 

*  * 

* 

to  <  a 

*  V  V  V  * 

V  V 

* 

V 

V 

V 

Q  O 

►4 

z  to  to 

a  o 

* 

*0-400 

o  o 

o 

o 

* 

o 

o  o 

o  o 

3  Ul  < 

o  o 

* 

*  in  o  in  to  cm  co 

—4 

it 

* 

-4  it 

o 

in  --i 

f- 

CQ  O 

* 

*  o  o  o  o 

O'  o 

© 

o 

* 

O 

o 

O  CM  o 

X  <  3 

* 

*  *  •  •  • 

•  • 

• 

• 

* 

• 

• 

• 

»  * 

O  CJ  3 

3  CM 

* 

* 

* 

-4 

J  H  |- 

in 

* 

* 

* 

o  a  < 

-4 

* 

* 

# 

13  z  x 

* 

* 

* 

►4  X 

* 

*  V  V  V 

V* 

V 

w 

V 

V 

v 

•7  1. 

»  -i  a 


ooooooooooooooooooooinooo*o-4oooooo*ooc*o 

oooooo  oooooo  aooooooooooo  *  ifio  inn  c  k)h  .-f  *  h  r)  o  *  -4 
-40000000000cf0in0  0v0  0  00000in*  oooonooo*  OOO*  O 

.  . . . 

r-ooo^cooovocv)^vo»oir>co  cmo  to  o 

CT(\|r4COfOd-vD(\Jino(\J»4H  CM  CM 

CM  CM  -4-4  -4 


l/> 

►  liJ 


O  CM 

in 


* 

* 

* 

* 

*  V  V  V 


* 

* 

* 

VV  *  V 


-4  * 

* 

* 

* 

V  *  V 


OOOOOOO*  OOOOOOOOOOOOOOO*  in  0-400000000000  0 
OOOOOOO  *  000000000000-400  *  OlfiOinWOlOH^HH^OOH 
inoooooo*  oooooon-oooooooav*  ooooorOoooooooc\]o 

•  ••••  •  ••••«••••••*  ••••■••••••••••• 

h  ro  O  tn  OJ  (\|  O  *  O  <X>  iO  j-  lOin  (O  O'  \D  TO  O  CM  *  -4  «~i 

coci--4-4^r-*c\j^cj-cMc\i-4  cm  vD  in* 

CM  -4  *  -4  **  * 

J  v  *  V  V  V  V  s/vvvvv 


O  O  O  O 

o  o  o  o 

-4000 

•  a  *  • 

r-  o  o  to 
o  n  •-« 


<  o 
x  -  j 
X  -J  o 
OL  <  <3 


000*000000  0  0*  * 
000*000  0  0000*  * 
OQO*OOOOOiJ-  O  O'  *  * 

•  •  •  *  •  •  •  •  ••••** 

vO  to  lO  *  CO  O  O  O  H  ^  D  ** 

Is*  If)  v\l  *  CM  3  O  <M  -4  -4  *  * 

CM  CM  *  -4  -4  *  * 

*  *  * 

*  V  *  * 


to 

o  :z 

•4  0  0 

J  CD  Z 

oac  < 
to  to  to  <  :£ 

GO  O  UJ 

HH  u  3 
.J  -j  -I  CJ 

cO  O  O  >4  V~«  2 

j  o>  n  t-  z  uj 

►4  <  <  tD 

>-J32J3hO 
I—  O  lU  3  O  X  X  o 

to  a  ;>  :>  o  o  u 

3  Z  3 

»4  J  UJ  O  J  J  .J  -l 

n  <  o.  n  <  <  *x  <x 

X  f—  J")  lO  H*  h-  H- 

3  o  o  o  a  o 

V—  I-  ifi  It-h  I-  h 


OOOOOOlOO— 4  0  0000  *  oooooo 
oo-4ooooinotn-4.'0  3-*4  *  -h  — *  m  o  cm  -4 
0  0  0  0  3  rM000  0  0l/)0C/*00-40r40 

*  -  - 


in  -4 

CM  rO 
CM 


O  00 

to 

K> 


V  V  V  V 


* 

* 

* 

* 

V  *  V  V 


3 

UJ  z 

< 

LD  3 

II)  3 

3 

O  19 

f- 

l/>  3 

X  0 

<  <C 

LO  >-4 

H*  CC 

XX  3 

3  LO 

3  -4  r— 

XX  10 

Z  3 

JZm 

to  to  < 

Q  C£ 

:q  z 

0  0  to  ll 

X 

21 
o 
a : 

X 

o 


_ /  — i  v*  j,  t.  uj  j.  “«■  X  UJ 

j  r  <  ui  a  n  a  o  i/)  x  z  -J 

O  X  h  ►"»  .J  »'•  iX  »4  < 

in  <  j  ox^o  _j  x  :d  z  ;> 

-J  O  X  <  x  O  X  o  -t  C->  c»  X  i  O  2 

o  a  uj  .->hh  j  j'.d<k  .j  a:  x  <  <  :z  o 

O  O  “)  X  h  O  (t  I  h  I  :D  O  I  '.il  X  xJ  ai  *-4  X 

LJ  rJ  jC  <t  z  -3  o  x  >:  H*  LJ  V  o  X  J  M  4 


o 

x  or  -J  »4 

aJ  UJ  .  J  II 
X  >  Z  aJ 

n _ s  o  in 

O  H  1-4  Q£ 

O  wO  z  < 


UJ 

LO  5C 

UJ  LJ  ox 

O  Z  M  Z  O 

H  <  J  H  H 

'Z.  r.  X  X 
x  z  x  i3  a 
>-  vC  «x  _J  *x 
o  x  u  -x  o 


or  __ 

O  Z  _J 

-J  <  X 

o  I  z 
o »-  < 
to 
l/)  I  UJ 
O  LO  CD  O 

u  <  < 

ID  J  X  J- 

IU  o  z 

UJ  lO  IJ 
CL  LU  UJ  O 
ohqio: 
UJ  <  <  IjJ 
Q  O  X 
t-4  r~i 

ZQutO 
HZ  < 
*4  Z 

UJ  »4  o 
XV  UJ 
3  a  in 
h-  •  UJ  to 

<  -J  ID  UJ 
a;  \  o  cc 
u  O  . J  x 
X  X  o  X 

>:  z  uj 

UJZh 

H*  »4  IJ 

ID  X 

**<uJ  < 

l/)h  M 

3:  <  o:  > 
oat-  iu 
-J  z  a 

J  X  UJ 

O  UJ  z 
H*  <X  Z 

to  o  a 

<  a 

J  u  z 
UJ  J  J  < 

x  <  x 

<  z  > 

*  <  UJ 

i/)  to  to  a 

t—  l— 

►4  V4  .J  x 

Z  Z  3  < 
3  3  <  z 


lO 

J 

h- 

o 


C-32 


CO 

U- 

< 

3 

tc 

»-» 

o 

u 

x 


•k 

* 

H 

- 

r-4  <\J 

Z 

1  h- 

* 

3 

CVJ  O' 

3 

h  H 

# 

3 

3 

h-  X 

* 

3 

O  3 

3 

3  CD 

3  X 

* 

a 

O  3 

* 

3 

a  h- 

h- 

0.  (L 

* 

< 

3 

z 

3  tO 
< 

T5 

3 

H  'O 

V* 

O 

0  c\j 

C 

3 

LJ  1 

O 

X 

CL  O 

O 

O 

tO  *H 

1 

O 

04 

1 

CO 

>-  »> 

3 

ui  >- 

3 

< 

>  3 

a> 

X 

X  3 

1 

3  CL 

_Q 

vO 

tO  3 

*0 

ZL 

CM 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

3 

H  . 

•H 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

Z 

>- 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

O  3S 

z 

>- 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

3 

* 

< 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

Z 

O 

Q 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

3 

* 

3 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

3  - 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

3  X 

* 

3 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

O  -• 

3 

CL  Q 

* 

3 

X 

H 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

cn  y- 

* 

<. 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

3  X 

to 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

»-  0 

* 

>- 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

<  3 

< 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

3t 

* 

a 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

• 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

4 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

3 

* 

X 

3 

* 

0 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

H 

* 

* 

* 

* 

* 

* 

* 

* 

# 

* 

* 

* 

3 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

<t 

>- 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

3 

* 

< 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

3 

O 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

cr  tr 
CL  Z 
ID  O 


Z  < 

O  ►— 

3  3 

*  3 
U  X 

«I  o 

"3  O 
Z  -I 

H  <C 

u 

^  >~ 

O 

Q  M  • 
K«  I—  21 

CJO  <  o 

rr  »-  ►* 

D  tO  K 
►-  C 

2  3 

•  •“»  -l 
tO  *T 
l-  O  > 

►*  3  La 

2  n 

DDCt 

3  O 
lU'i. 
G,  2: 

►*l/T 

2:  3 

Hh*f- 
O  H-r 

X  Zl 0 
CL  O 
<  CL 
-  »—  >: 
to  <0 
h*  a  o 

M 

z  3  o 
d  y  < 
K 

a:  <x  0 
0  0  3 
J  M  I — 

o  a  < 
U  ZIJ 
►-*  re 


****** 

****** 

****** 

****** 

****** 

****** 

****** 

****** 

****** 


****** 

****** 

****** 

****** 

****** 

****** 

****** 

****** 

****** 


****** 

****** 

****** 

****** 

****** 

****** 

****** 

****** 

****** 


* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

*  *- 

* 

* 

>-• 

CL 

n 

to 

*  3 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

O 

Z  3 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

3 

<  CL 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

O 

X  X 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

O 

V—  < 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

*, 

.* 

* 

* 

* 

* 

* 

* 

* 

* 

3  - 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

•r> 

3  1  3 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

u 

1/1  in  10 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

u  << 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

*- 

* 

to 

3 

3 

3  CL  H— 
<3  Z 
3  3 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

cn 

UJ  LJ  U 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

n> 

> —  CL  CL 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

3 

<  -t  3 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

Q 

3  CL 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

*-»  r-T 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

y 

a  L-i  3 

* 

* 

* 

* 

* 

# 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

►H 

Z  «jC 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

z 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

3 

CL 

3 

a 

V  3 

0  3 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

»— 

•  3  3 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

< 

333 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

cn 

\  0  X 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

3 

0  3  3 

* 

* 

*• 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

3 

X  0  X 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

x 

Z  3 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

LJ 

z  *-« 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

J— 

h-t  3 

to 

o  z 
>-•  o  a 
1  cn 


0  n  < 

z 

3 

* 

3  3  3  <  X 

3  Z 

< 

a  a  0  3 

O  3 

3  3 

3 

* 

HMIJ  O 

O  O 

K-  h- 

3  O 

3  3  3  0 

cn  0 

<  < 

3  ►h 

* 

3  O  O  *-i  Z 

h-  CL 

XX  3 

3  3 

3  3  0  1-23 

3  >-<  ►- 

3  3  3 

2  LJ 

* 

>- 

»-«  <  <  O 

3  z  *-< 

3  3  < 

O  CL 

cn 

>-  3  3  3  3  O  O 

3  z 

0  0  3  3 

CL 

* 

3 

. 

h-  O  3  LJ  0  n  X  0 

3  3 

3  X  2  3  iL 

<  3 

H- 

z 

3  X  <  3  3  3  O  O  3 

X  Z 

x 

3 

H 

X 

o 

cn 

x 

o 


z 

X  Li 


-  < 
to  h- 
s  < 
o  a 

-J 

3  CL 
O  3 
IL  X 
H* 
tO  O 


to  CL 
3  < 

CL  > 
h-  J 

z  a 

ul 

z 


CL 

0. 


-I  X 

<*c  o 

r  3  o 

3  <  O 


O  Z  3 

H J  UO J  J 

.0  <c  x  -0  < 

■C  H  l/)  J)  »-  r- 
303^00 
H-  H-  VO 


o  < 

3  3  tO  3  Z  <  3 
<  <  J  3  L  < 

HhQQiJilhh 

o  o  o  o  3  :l  >-*  O 

3  n  bC  3C 


o  x 
r  0 


c$  6 


3  3 


MCCH< 

J  nr.  3  x  >> 

- <  o  3  3  <  33  2  a.  >  ^ 

.  —  J  J  <  h-  J  X  ;l  x  <x  z  o  a.  3  3 

L  X  m  n  fO  O  I  uJ  X  u  :j  h  ;v  j  H  H 

0O02X>-OXOX3NJ-«O3Z 


O  LJ 
CL  CL  3  h  O 
IJ  3  3  Z 

O’  Z 
tO  -C 
X  >- 

<  o 


3 

tO 

3 

z  y 

vC  3 

3  "4 

Z  n 
<  < 
X  3 


3  X 
Z  3 
»-«  —* 
X  X 
3  3 
J  •< 
<<  o 


<  X 
Q 

<  a 
3  3  z 

3  3  3  < 
cn  <  cl 

<  >:  > 

•  <  3 

to  3  to  (3 

►-  h— 

3  X 

2  2  3  < 

3  3  <  X 


tO 

3 


C-33 


USAr  EHL/K  WATER  POLLUTION  SURVEY-SPEC I AL  PROJECT  72-1 .  MCGUIRE  AFB 
FORT  DIXf  NEW  JERSEY.  10-26  SEPTEMBER  1972 


* 

* 

* 

* 

* 
* 
* 
* 
* 
* 
* 
* 
#  • 
* 
* 
* 

* 

* 

* 

* 


> 

Id 

C 


< 

Id 

3l 


> 

Id 

O 


s: 

►-* 

x 

< 

3l 


> 

Ui 

o 


3 

X 


*C  ^  ^  ^  °  CC  ^  ^  C  ^  L-vC  h  (V  If  f--  tO  CVC  C  CD  O  (Tin  O  CT  O  O  <V  O  Qc  C' 

r)HlO^O(\J'DOCOO(\Jd'Win^OHC\Ja3HOlOMnOOOOOO'  *H  ooogcmooo 
•”<  h  CC  C.  H  J  C  O'  IT  <h  Cw  Cf  O  v£)  r-  l/i  «-i  ct  c(.  c  vC  (V  Ifi  C  C  C  C  C  t-i  C  CCCCCCnC 


tr  «r'  cv  cv  «c  r-  4 

•-*  fO  CNi  vO 


•-  if  «-• 


a 

lO 


r 

4 


0£)rOTVf<ncr'nON\>:f'-n'Xr,0'>C?'J'.-«,04C7'  004*HOOOOO*HOOOOOrOOsOO 
ctoinTcccchNcNfoiocctnifi^ccHccaO'ifincooccirc  cocomocco 
j\Df0N0'0'cccc'(\ia)(\j(0ifi(\io»0a'0'i0r-w^(vooooo^inoooai0oir)o 


^  fO  vO  Hh  HC<  (\1  in  ^ 

r!  vD  (V  H  r<)  H  00  H  ^  tJ  ^  K5  r-(  in  Ifl  fO  OD  4 


o  *h  ro 
in  c\j  4 


n 

ro 


4 

ro 


o^KDrocvjcrHtnrHh'  coo.tHNr}vDK)Mnoco(j'ooooo(\)rf  oooo^oinc; 
cv.oroasa'Ovo^o*'COfoin<Njc\jocj--<ioinina>vDvOooooocoinoooou‘)ovr)b 
c?rofOvC«-Hor-ir)rHro<\jh-r^vororx‘r<)ooroinoroctf^ooooooj^oooor-<oa;o 


K>  «H  tO  O  4  4  noOWLOcOOfOHyD^^HWHl^O  t  I  IOCvIvOI  t 

h  lO  rO  C\j  J-  h  h  if)  h  K)  K)  *-<  rO  4  in  CM  CM  co  m  fO  4 


I  vO 
4 


in  i 

4 


* 

* 

* 

* 

# 


LU 

O 

2: 

< 

cr 


x 

o 


ooooooocooooooooooooooooooooooooooooooo 
oooooo  ooooooooooocooiXjooooooocjroinoooooooo 

\0OOOOOOOOOO4C?'4r-tvnf0  4OOO:04t0OOaoor^OOOOO.-tO4O 


rvjoc04«~<vr)cCr0<\!cCv0t0C'C\J 
CM  ID  OMNC0  4  CC 


4  CM 
4 


«  Cvj  « 

a 

OSI 


-M 

r: 

o 

c_> 

o 

CVJ 

I 


3 

< 

u 

3 

< 

o 


< 

lJUl 

5; 


K)of^or-vD4oh-oK)rOf044vooror^uooK)woino*Hoocr^oooovDocjo 

4  O  /)  i\J  'f)  CO  H  O  no  tv)  ^  H  H  to  J1  (O  5  iX)  H  J-  h  ?  o  f)  o  f)  !\ji)  if)  H  t  H  H  f)  o  OJ  H 
^OCOcfCJCMr^OLOO^r^rHcfvDLDCMCC^-jOJon^OOOOOOrOOOOOOOOCMO 


r-  o  cvj  4  o  O'  «o  cm  o  r-  4  m  4 
co^HinnoK)  wd-o^cjHH 
CVJ  CM  »H 


o  in  ro  cm 
cvj  m 


iO  CNJ  r-« 

co 


.Q 

03 

K- 


* 

* 

* 

* 

* 

* 

* 

* 


H* 

< 


in 


V  V  V  V 


V  V  V  V 


>: 

3 


X 

< 

2 


£ 

3 

S 

H 

2 

H 

£ 


ooooooooooooooooooooinoooino^oooooooooooo 
oooooooooooooooooooocvooooinoinminco— i4*-ir-<K>oc\j^i 
inoooooooooo444is,-0'C'ooooo.4inoo‘ooovoooooor-ioino 


r-OOC0a3»0>0  0D0'CMK)c04a'a0 
WvOfOC^^H 
*H  fO  C\J  CVJ  rH 


Ovflin  H 
.h  oj  ro 
CNJ 


vO  CO  H 

to 

to 


VV  V  V 


V  w  V 


ooooooooooooooooooooinoooinor-ioooooooooooo 
oaooooooocoooooooooooooooinoLO«HCMfO-H4-H-Htoocvj^: 
0'oooooooooooLnov0  4>nnooocNjo<\jooooo0'ooooooo-ro 


vD  CO  O  O  4  CNJ  O  O  '  0  O  in  O  O  O  vC 
r-C\|^-<OCVjr-'OCNjCNJ4<Mr-<»H 
CVJ  -1  «-4 


O'  lO  h  O' 
CM  CO 


4  vO 

to 


V  V  V  V 


V  V  V  V 


* 

* 

in 

* 

o  z 

^  O  lO 

X 

# 

3  .£>  r; 

3 

o  in  -c 

2 

3 

M 

it 

i/i  in 

in  <  i*: 

UJ 

2 

'£ 

X 

Q  O 

o  UJ 

o 

ui  id 

Id  3 

o 

* 

►-»  -« 

Id  3 

o 

o  v- 

H*  in  3 

a: 

-J  ..J 

3  O 

X 

o  < 

<C  l/)  M 

x 

# 

in  o  o 

»-j  »-«  ^ 

h— 

X  X 

x  id  Lsj  n 

<3 

3  n  n 

>-  »J 

id  M 

) —  X 

x  n  x  ui 

* 

>- 

H 

<  <  3 

~J  2 

m 

m  <  ox* 

H- 

>- 

3  3  3 

J  O  >- 

3  3 

2:  o 

o  n  td  x 

-T 

ir 

r— 

O  ui  uj 

O  X  X 

O  3  3 

U>  X 

X  Id  m  <£  jJ 

ZL  id 

z 

lOO> 

>03 

U  _J  X 

£  id  X 

x  o  o  m  x  x  >-  o  -j 

■# 

»-« 

3 

2!  3 

O  < 

*"•  J— 

*-•  3  h  a:  ►-*  <t 

3 

in  *-4 

3  3  O 

3  -1  J 

3  n  3 

-r.  <  „j 

o  £  otJ  O  3  X  3  > 

* 

£ 

O  0 

£  x  n 

<  •£  £ 

<  3 

r>  v  < 

r  o  x  />  x  o  3 

3  -C 

XT 

3  X 

</)  <n 

r-  J-  * 

O  3  3 

p.  »—  »— 

»-  j  3  j.i  »x  i  -  j  m 

r.  x 

# 

X  3  O  3 

0  3^ 

O  O  O 

O  O  o  3 

sc  ^  o 

'r.  x  ^  x  o  n  ui 

X  aJ 

a.  '  t  o  h 

h-  n  o 

i—  V— 

*-  3  O  X 

X  h- 

D  O  O  X  X  »—  O  sT 

3  C 

3  13 
«£  X 


a:  <x 

d  III 

X  X  > 

o  a.  -  j 

x  o  -  « 

(3  J) 


id 

in 

O  L’l  Id 
3  Q  ^ 
3  »-4  < 

<:  iJ  X  5 
u  i/i 

»-•  X  >-  < 
X  <0  7: 


3  5l 

2:  3 

10  r-4  *-4 
h  T  r 

cr*  3  .  j 

<  3  £ 
U  U) 


C-34 


NOTcS:  UNITS  ARE  AS  FOLLOWS?  TEMPERATURE  IN  DEGREES  C.  COLOR  IN  COLOR  UNITS.  Ph  IN  PH  UNITS.  TURBIDITY  IN  JACKSON  TURBIDITY 
UNITS.  ALL  OTHER  DATA  IN  MG/L.  <  INDICATES  LESS  THAN,  n  INDICATES  DATA  NOT  INCLUDED  IN  STATISTICAL  COMPUTATIONS. 

ALL  SAMPLE  DAY  ENTRIES  INCLOSED  IN  t  3  ARE  GRAS-SAMPLES  TREATED  AS  COMPOSITFS  FOR  EVALUATION. 

MAX  DEV  AND  MIN  DEV  ARE  EXPRESSED  AS  PERCENTAGE. 
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NOTES:  UNITS  ARE  AS  FOLLOWS;  TEMPERATURE  IN  DEGREES  C.  COLOR  IN  COLOR  UNITS.  PH  IN  PH  UNITS.  TURBIDITY  IN  JACKSON  TURBIDITY 
UNITS.  ALL  OTHER  DATA  IN  MG/L.  <  INDICATES  LESS  THAN,  n  INDICATES  DATA  NOT  INCLUDED  IN  STATISTICAL.  COMPUTATIONS. 

ALL  SAMPLE  OAY  ENTRIES  INCLOSED  IN  C 3  ARE  GRAB-SAMPLES  TREATEO  AS  COMPOSITES  FOR  EVALUATION. 

MAX  DEV  AND  MIN  DEV  ARE  EXPRESSED  AS  PERCENTAGE. 
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NOTES;  UMTS  ARE  AS  FOLLOWS?  TEMPERATURE  IN  DEGREES  C»  COLOF  IN  COLOR  UNITS,  PH  IN  PH  UNITS,  TURBIOXTy  IN  JACKSON  TUR°IDITy 
UNITS.  ALL  OTHER  DATA  IN  M6/L.  <  INDICATES  LESS  THAN.  H  INDICATES  DATA  NOT  INCLUDED  IN  STATISTICAL  COMPUTATION^. 

ALL  SAMPLE  DAY  ENTRIES  INCLOSED  IN  C  3  aRE  GRA3-SAMPLE.fi  TREATED  AS  COMPOSITES  FOR  EVALUATION. 

MAX  DEV  AND  MIN  DEV  ARE  EXPRESSED  AS  PERCENTAGE, 
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Notes:  1.  Sampling  station  locations  contained  in  Appendix 
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Sewage  Treatment  Plant  Historical  Data  Summaries 
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This  appendix  contains  historical  data  summaries  for  both  the  Ft  Dix  and 
MAFB  sewage  treatment  plants* 


Sewage  plant  operating  logs  for  several  extended  periods  were  analyzed  for 
raw  sewage  flow,  effluent  characteristics,  and  unit  process  and  overall 
removal  efficiencies  for  Suspended  Solids  (SS)  and  5-Day  Biochemical  0x}7gen 
Demand  (BOD^) .  These  analyses  included  development  of  frequency  distribution 
curves  for  these  selected  parameters. 


I.  Ft  Dix  Historical  Data.  The  following  tables  and  figures  are  summaries 
of  historical  data  for  the  Ft  Dix  Sewage  treatment  plant. 

Table  (T) /Figure  (F)  Title  Pape 

T-D-l  Ft  Dix  Sewage  Plant  Operating  D-3 

Log  Data  Summary-BOD^-Aug  70-July  71# 

T-D-2  Ft  Dix  Sewage  Plant  Operating  D-4 

Log  Data  Summary  -  Suspended 
Solids  -  Aug  70  -  July  71. 

T-D-3  Ft  Dix  Sewage  Plant  Operating  Log  D-5 

Data  -  Flow,  BOD^,  SS,  Effluent 
DO  and  Maximum  Temp  -  Jan  -  Sept  1972. 

F-D-l  Ft  Dix  Sewage  Plant  Operating  Log  Data  -  D-6 

Raw  Sewage  Flow. 

F-D-2  Ft  Dix  Sewage  Plant  Operating  Log  D-7 

Data  -  Effluent  BOD^. 

F-D-3  Ft  Dix  Sewage  Plant  Operating  Log  D-8 

Data  Effluent  SS. 

F-D-4  Ft  Dix  Sewage  Plant  Operating  Log  D-9 

Data  -  BOD5  Removal  Efficiency. 

F-D-5  Ft  Dix  Sewage  Plant  Operating  Log  D-10 

Data  -  SS  Removal  Efficiency. 
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Table  D-l 

FT  DIX  SEWAGE  PLANT  OPERATING  LOG  DATA  SUMMARY 
FIVE-DAY  EOD-  AUG  70-JUL  71 
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Table.  D-2 

FT  DIX  SEWAGE  PLANT  OPERATING  LOG  DATA  SUMMARY  - 
_ _ ; _ SUSPENDED  SOLIDS  -  ATIG  7Q-.TITT.  7T 
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Table  D-3 

Ft  Dix  Sewage  Plant  Operating  Log  Data  -  Flow,  BOD^,  SS,  Effluent 
_ Dissolved  Oxygen  (DO),  and  Maximum  Temp  -  Jan-Sept  1972 
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xi,  McGuire  AFB  Historical  Data.  The  following  tables  and  figures  are 


summaries  of  historical  data  for  the  MAFB  Sewage  treatment  plant. 


Table/ Figure  Title 

T-D-4 

McGuire  AFB  Sewage  Plant  Operating  Log  Data 
Summary  -  Five-Day  BOD  -  Aug  7G-Jul  71 

D-12 

T-D-5 

McGuire  AFB  Sewage  Plant  Operating  Log  Data 
Summary  —  Suspended  Solids  —  Aug  70— Jul  71 

D-13 

T-D-6 

McGuire  AFB  Sewage  Plant  Operating  Log  Data  - 
Flow,  BOD5,  SS,  Effluent  Dissolved  Oxygen  (DO), 
and  Maximum  Temp  -  March  — -  Sept  1972 

D-14 

T-D-7 

McGuire  AFB  Average  Sludge  Conditions  -  Aug  70  - 
Jul  71 

D-15 

T-D-8 

McGuire  AFB  Anaerobic  Digester  Data  -  Aug  70  - 
Jul  71 

D-16 

F-D-6 

Ft  Dix  Sewage  Plant  Operating  Log  Data  -  Raw 
Sewage  Flow 

D-17 

F-D-7 

Ft  Dix  Sewage  Plant  Operating  Log  Data  - 
Effluent  BOD5 

D-18 

F-D-8 

Ft  Dix  Sewage  Plant  Operating  Log  Data  - 
Effluent  Suspended  Solids  (SS) 

D-19 

F-D-9 

Ft  Dix  Sewage  Plant  Operating  Log  Data  - 
BOD5  Removal  Efficiency 

D-20 

F-D- 10 

Ft  Dix  Sewage  Plant  Operating  Log  Data  - 
SS  Removal  Efficiency 

D-21 

D-ll 


Table  D-4 

MCGUIRE  AFB  SEWAGE  PLANT  OPERATING  LOG  DATA  SUMMARY 
FIVE-DAY  BOD  -  AUG  70 -JUT,  71 
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Table  D-5 

MCGUIRE  AFB  SEWAGE  PLANT  OPERATING  LOG  DATA  SUMMARY 
SUSPENDED  SOLIDS  -  AUG  70-JUL  71 
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Table  D-6 

McGuire  AFB  Sewage  Plant  Operating  Log  Data  -  Flow,  BODs,  SS,  Effluent 
Dissolved  Oxygen  (DO),  and  Maximum  Temp  -  March  -  Sept  1972 
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Table  D-7 

MCGUIRE  AFB  AVERAGE  SLUDGE  CONDITIONS  -  AUG  70-JUL  71 
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I. 


CHEMICAL  COAGULATION  JAR  TESTS 


A.  INTRODUCTION 

Jar  tests  were  conducted  on  selected  wastewaters,  i.e., 
primary  clarifier  influent,  and  secondary  clarifier  influent  and 
effluent,  from  both  the  Ft  Dix  and  McGuire  AFB  sewage  plants.  Alum 
was  used  as  the  coagulant  and  sulfuric  acid  was  used  for  pH  adjustments. 
The  purpose  of  the  jar  tests  was  to  determine  the  treatability  of  the 
wastewaters  as  regards  chemical  coagulation,  flocculation,  and  sedi¬ 
mentation.  The  objective  of  the  tests  was  to  obtain  data  which  could 
be  used  to  determine  the  suitability  and  applicability  of  chemical 
treatment  in  the  existing  sewage  plant  units  and  final  effluent. 

B.  METHODS  AND  MATERIALS 

1.  The  jar  test  procedures  were  designed  to  determine  the 
optimum  pH  and  alum  dosage  for  coagulation,  flocculation,  and  sedi¬ 
mentation  as  determined  by  turbidity  measurements  according  to 
Eckenfelder. (1)  The  final  part  of  the  procedures  includes  a  jar  test 
to  obtain  a  "settling  curve"  based  on  turbidity  measurements  when  the 
wastewater  is  treated  with  the  optimum  alum  dosage  at  the  optimum  pH. 

In  addition,  various  parameters  were  determined  at  the  start  and  the 
end  of  the  settling  curve  test  procedure. 

2.  There  are  five  graphs  presented  in  this  Appendix  for 
each  wastewater  which  was  subjected  to  a  jar  test.  A  description  of 
each  graph  will  illustrate  the  results  of  the  jar  test.  For  example, 
concerning  the  McGuire  AFB  primary  clarifier  influent. 

a.  Figure  E-2,  "Turbidity  Versus  pH,"  was  used  to 
determine  the  optimum  pH,  "Turbidity  Versus  Alum  Dose"  was  used  to 
determine  the  optimum  alum  dosage,  and  "Final  pH  Versus  Initial  pH," 
was  used  to  show  the  change  in  pH  resulting  from  the  alum  application. 

b.  Figure  E-4,  "Turbidity  Versus  Settling  Time"  for 
untreated  wastewater  (3  test  jars  subjected  to  the  test  conditions  but 
nottreated  with  chemicals)  and  for  treated  wastewater  (3  test  jars  at 
optimum  chemical  dosages).  The  initial  and  final  chemical  parameters 
and  their  respective  removal  percentages  are  also  shown. 

c.  Figure  E-6  is  the  same  as  Figure  E-4  except  that 
the  turbidity  is  expressed  as  "Percent  Turbidity  Remaining." 

3.  A  Phipps  and  Bird  jar  test  apparatus  was  utilized. 

Rapid  sampling  of  the  supernatant  was  accomplished  simultaneously  in 
each  jar  utilizing  a  sampling  apparatus  described  in  an  EPA  technology 
transfer  manual. (2) 
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C.  DATA  ANALYSES 


1.  Figures  E-l  to  E-16  describe  the  results  of  the  jar 
tests  performed  on  the  primary  clarifier  influent,  and  secondary 
clarifier  influent  and  effluent  at  both  the  Ft  Dix  and  McGuire  AFB 
treatment  plants.  The  optimum  alum  dosage  was  150  to  250  mg/1  and 
the  optimum  pH  was  6.0  to  6.5.  For  all  wastewaters  the  COD,  SS, 
turbidity,  and  phosphate  concentrations  were  significantly  reduced 
over  the  untreated  wastewaters.  The  alkalinity  and  pH  were  reduced 
and  the  total  dissolved  solids  increased  as  a  result  of  the  chemical 
treatment. 


a.  The  wastewaters  tested  were  found  to  be  amenable 
to  chemical  treatment.  Chemical  treatment  could  be  incorporated 
into  the  existing  treatment  processes  or  could  be  applied  directly 
to  the  final  effluent. 

b.  The  application  of  chemical  treatment  to  the 
primary  clarifier  influent  could  result  in  the  disturbance  to  the 
function  of  the  existing  plant.  The  solids  loading  to  the  digesters 
could  be  directly  increased  by  as  much  as  50  percent,  the  pH  in  the 
digesters  could  be  depressed,  and  the  organic  loading  to  the  filters 
would  be  decreased. 

c.  Chemical  treatment  in  the  final  clarifiers  would 
not  exert  major  changes  in  plant  function.  The  solids  loading  to 
the  digester  would  be  indirectly  increased,  but  the  organic  loading 
to  the  filters  would  not  be  significantly  altered.  Laughlinw) 
revealed  secondary  clarifier  effluent  from  a  trickling  filter  plant 
(1.5  MGD)  treated  with  approximately  50  mg/1  alum  resulted  in  re¬ 
ductions  of  BOD,  SS,  and  phosphorous  from  20  to  10  mg/1 ,  15  to  10  mg/1 
and  8  to  1  mg/1  respectively. 

d.  Chemical  treatment  applied  to  the  effluent  would 
have  a  minimal  impact  on  plant  function  but  would  require  expensive 
construction.  Adjustment  of  final  effluent  pH  would  be  required 
before  discharge.  The  costs  of  construction  and  of  treatment  units 
and  procurement  of  chemicals  would  need  to  be  balanced  against  a 
relatively  small  improvement  in  effluent  quality.  The  average  BOD 
and  SS  in  the  effluent  during  the  EHL(K)  survey  was  22  mg/1  and 

35  mg/1;  the  COD  and  SS  solids  removal  efficiencies  obtained  on  the 
effluent  by  the  jar  tests  were  70  percent  and  60  percent  indicating 
that  chemical  addition  to  the  final  clarifiers  could  result  in  final 
effluent  BOD  and  SS  of  15-20  mg/1  and  20-25  mg/1. 
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e.  Chemical  treatment  of  the  secondary  sewage  treatment 
plant  effluents  has  been  used  to  accomplish  phosphorous  removal  and  pre¬ 
paration  of  the  effluent  for  subsequent  treatment  such  as  sand  filtration. 

At  the  Manville  NJ  sewage  treatment  plant,  200  mg/1  of  alum  and  0.5  mg/1  of 
anionic  polymer  was  used  to  pretreat  settled  trickling  filter  effluent  (2  MOD) 
prior  to  application  to  a  Johns-Manville  moving  bed  filter.  The  effluent  BOD, 
S3,  turbidity  and  total  phosphorous  were  12,  15,  7,  and  0.51  mg/1  respectively 
(EPA) . (2)  This  data  indicates  that  in  the  chemical  treatment  and  sand  filtra¬ 
tion  of  secondary  treated  effluent  will  result  in  a  relatively  small  reduction 
in  absolute  concentration  of  effluent  constituents. 

D.  CONCLUSION 

Chemical  treatment  represents  a  means  of  improving  the  effluent 
quality  of  both  the  Ft  Dix  and  McGuire  AFB  treatment  plants.  However,  such 
treatment  would  not  provide  a  wastewater  which  is  completely  devoid  of  organic 
and  solid  material.  Chemical  treatment  would  be  most  advantageously  applied 
at  influent  to  the  secondary  clarifier  process.  Improved  SS  and  BOD  removal 
efficiencies  in  the  final  clarifiers  of  both  the  Ft  Dix  and  MAFB  sewage  plants 
could  be  realized  by  addition  of  chemical  feed  and  coagulation  facilities. 
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Figure  E-13.  Ft  Dix  Secondary  Clarifier  Effluent  -  Figure  E-14 .  McC-uire  AFB  Secondary  Clarifier 

Treated  (Alum  -  150  mg/1;  pH  -6.5)  and  Untreated  .  Effluent  -  Treated  (Alum  -  150  mg/1,  pH  - 

Removal  Efficiencies  -  USAF  EHL/K,  Sep  1972  6.5)  and  Untreated  Removal  Efficiencies  - 

USAF  EHL/K,  Sep  1972 
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II.  ACTIVATED  CARBON  ADSORPTION  ISOTHERM  JAR  TESTS 

A.  INTRODUCTION 

Batch  activated  carbon  isotherm  tests  were  conducted  on  filtered 
and  unfiltered  prechlorinated  effluent  from  the  Ft  Dix  and  McGuire  AFB  WWTP's. 

The  purpose  of  the  tests  was  to  determine  the  treatability  of  selected  waste- 
water  constituents;  i.e.,  COD,  TOD,  color,  and  MBAS  with  activated  carbon. 

The  objective  of  the  tests  was  to  obtain  batch  isotherms  for  each  constituent 
and  to  determine  the  ultimate  adsorptive  capacity  of  the  carbon.  Dynamic 
column  tests  were  not  conducted. 

B.  METHODS  AND  MATERIALS 

The  wastewater  was  tested  in  both  a  filtered  (Whatman  41)  and  un¬ 
filtered  condition;  the  wastewater  was  analyzed  prior  to  and  after  filtration. 
Two-liter  portions  of  the  wastewater  were  placed  into  six  flasks  and  dosed 
with  carbon  at  .2,  .4,  .8,  1.2,  2.0  and  3.0  mg/1.  A  Phipps  and  Bird  jar  test 
apparatus  mixed  the  contents  of  the  flasks  for  60  min  at  75  RPM.  After  this 
period,  the  wastewater  samples  were  filtered  to  remove  the  activated  carbon 
and  analyzed  for  the  selected  constituents.  (See  Eckenfelder) (4) 

C.  DATA  ANALYSES 

These  data  were  plotted  according  to  the  Freudlich  isotherm  in  which 
"adsorption  of  a  constituent/gram  of  activated  carbon"  is  plotted  against  the 
"residual  concentration  of  the  constituent."  (See  Fair,  et  al)(5) 

1 .  Adsorption  Capacities 

The  adsorptive  capacity  of  the  carbon  in  a  column  application 
can  be  estimated  from  the  isotherm  by  extending  a  vertical  line  from  the  point 
on  the  horizontal  scale  (residual  equilibrium  concentration  of  the  contaminant) 
corresponding  to  the  initial  concentration  of  the  contaminant,  and  extrapolating 
the  isotherm  to  intersect  this  line.  The  corresponding  value  on  the  vertical 
scale  (mass  of  contaminant  adsorbed  per  unit  mass  of  carbon)  represents  the 
ultimate  amount  of  contaminant  adsorbed  where  the  carbon  is  in  equilibrium  with 
the  initial  concentration  of  contaminant.  This  condition  should  exist  in  the 
upper  section  of  a  carbon  bed  during  column  treatment,  and  it  therefore  re¬ 
presents  the  ultimate  capacity  of  the  carbon  for  the  particular  waste  constituent. 

a.  Ultimate  Capacities 

The  ultimate  adsorptive  capacity  of  the  carbon  in  terms  of 
pounds  of  contaminant  adsorbed  per  pound  of  carbon  can  be  calculated  from  the 
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results  of  these  analyses.  The  results  of  Freundlich  isotherm  analyses  are 
contained  in  Tables  E-l  through  E-6,  and  Figures  E-18  through  E-21 .  Table 
E-7  contains  the  calculated  ultimate  adsorptive  capacities.  No  TOD  analyses 
were  accomplished  for  the  Ft  Dix  adsorption  tests.  The  data  derived  from  the 
MBAS  adsorption  tests  for  both  the  Ft  Dix  and  MAFB  wastes  were  insufficient 
for  accurate  analyses. 

b.  Adsorption  Isotherm  Interpretation 

Worthy  of  special  note  are  the  differing  ultimate  capacities 
for  chemical  oxygen  demand  (COD)  for  the  Ft  Dix  and  MAFB  secondary  effluents. 

The  significantly  lower  values  for  the  MAFB  effluent  (0.156  -  0.293  lb  COD/ lb 
Carbon )  as  compared  to  the  Ft  Dix  effluent  (0.307  -  0.372  lb  C0D/1 b  Carbon) 
most  likely  are  a  result  of  higher  adsorption  of  compounds  present  in  the  MAFB 
waste  from  industrial  fractions.  (See  Eckenfel der) (4) .  The  range  of  the 
adsorptive  capacity  values  determined  during  these  field  tests  agrees  with 
literature  citations;  i.e.,  0.250  to  0.870  lb  C0D/1 b  Carbon  (See  EPA)(6). 

2.  The  slope  of  the  isotherm  may  be  used  to  characterize  the 
adsorption  operation  being  tested.  Very  steep  slopes  are  characteristic 
of  very  good  adsorption  of  dissolved  organics  present  in  higher  concentrations. 
Slight  slopes  indicate  comparable  adsorption  over  the  entire  range  of  organic 
concentrations.  Higher  slopes  also  indicate  that  greater  adsorption  efficiency 
in  column  operations  may  be  expected.  The  slopes  of  the  COD  isotherms  for 
filtered  and  unfiltered  Ft  Dix  samples  are  quite  similar  and  relatively  steep.^ 
Conversely,  the  slopes  of  the  COD  isotherm  for  the  filtered  and  unfiltered  MAFB 
samples  are  quite  different.  The  unfiltered  sample  COD  isotherm  slope  is  much 
steeper  than  for  the  filtered  sample,  suggesting  some  inhibitory  effect  from 
the  filterable  residue. 

D.  ADVANCED  WASTE  TREATMENT  (AWT)  PLANT  DESIGN 

The  design  of  activated  carbon  regneration  and  transport  facilities 
for  the  proposed  AWT  plant  was  based  on  the  ultimate  COD  adsorption  capacity 
of  1  lb  COD  per  lb  Carbon.  Results  of  field  adsorption  isotherm  tests  indicate 
that  the  ultimate  COD  adsorptive  capacity  is  far  less  than  this  value.  Pilot 
scale  adsorption  testing  would  be  required  to  determine  design  criteria  such  as: 
contact  time,  regeneration  requirements,  ultimate  adsorptive  capacity,  headloss 
buildup,  hydraulic  loading,  parallel  versus  series  flow,  single  versus  multi¬ 
stage  configuration  and  process  costs. 

E.  CONCLUSION 

Removal  of  dissolved  organic  from  the  secondary  effluents  of  both  the 
Ft  Dix  and  MAFB  sewage  plants  is  technically  feasible.  Results  of  activated 
carbon  adsorption  isotherm  tests  revealed  that  additional  field  pilot  scale  tests 
would  be  required  before  selecting  design  criteria  for  an  advanced  waste  treatment 
plant. 
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Table  E-l.  Activated  Carbon  Adsorption  Isotherm  Data  - 
Ft  Dix  Sewage  Plant  Secondary  Effluent  - 
EHL/K,  Sep  1972* 


Sample 

No. 

Carbon 

Dose  (gm/1) 

COD 

(mg/1) 

MBAS 
(mg/1 ) 

Color 

(units) 

D-l 

0 

60 

2.40 

50 

D-2 

0.2 

22 

0.10 

5 

D-3 

0.4 

22 

0.10 

<1.0 

"O 

<D 

S- 

D-4 

0.8 

22 

0.10 

<1.0 

•M 

r — 

•r— 

D-5 

1.2 

11 

0.03 

<1.0 

C 

ZD 

D-6 

2.0 

11 

0.03 

<1.0 

D-7 

3.0 

0 

<0.01 

<1.0 

D-3 

0 

55 

2.40 

50 

D-9 

0.2 

16 

0.05 

5 

\ — < 

D-10 

0.4 

16 

0.05 

<1.0 

C 

as 

E 

4_> 

D-ll 

0.8 

16 

0.05 

<1.0 

03 

sz 

D-12 

1.2 

11 

<0.01 

<1.0 

"O 

CD 

c 

D-13 

2.0 

5 

<0.01 

<1.0 

<U 

4-> 

r— 

D-4 

3.0 

16 

<0.01 

<1.0 

lZ 

♦Powdered  activated  carbon  -  contact  time  of  60  minutes  at  jar  test 


RPM  =  75,  Unfiltered  SS  =  30  mg/1 ;  Filtered  SS  =  12  mg/1 


Table  E-2.  Activated  Carbon,  Adsorption  Isotherm  Data  - 
McGuire  AFB  Sewage  Plant  Secondary  Effluent  - 
EHL/Kj  Sep  1972* 


Sample 

No. 

Carbon  Dose 
..  (gm/i) 

COD 

(mg/1) 

TOD 

(mg/1) 

MBAS 
(mg/1 ) 

Color 

(units) 

PH 

(units) 

M-l 

0 

70 

104 

3.6 

50 

7.8 

M-2 

0.2 

39 

65 

0.3 

5 

8.0 

M-3 

0.4 

27 

44 

0.1 

<1.0 

8.1 

XI 

(1) 

d 

M-4 

0.8 

11 

36 

0.1 

<1.0 

8.0 

a> 

+■> 

r— ' 

M-5 

1.2 

16 

35 

<0.01 

<1.0 

8.2 

M- 

d 

ZD 

M-6 

2.0 

5 

32 

<0.01 

<1.0 

8.2 

M-7 

3.0 

11 

28 

<0.01 

<1.0 

8.1 

i 

M-8 

0 

59 

104 

3.8 

50 

7.3 

r~A 

M-9 

0.2 

32 

60 

1.65 

5 

7.8 

d 

ro 

M-10 

0.4 

22 

44 

0.10 

<1.0 

7.9 

£= 

fd 

JZ 

M-ll 

0.8 

16 

34 

0.03 

<1.0 

7.9 

2 

XJ 

M-12 

1.2 

11 

32 

<0.01 

<1.0 

7.8 

cu 

d 

<D 

M-13 

2.0 

11 

30 

<0.01 

<1.0 

7.7 

*F — 

Lu 

M-14 

3.0 

16 

29 

<0.01 

<1.0 

8.0 

♦Powdered  activated  carbon  -  contact  time  of  60  minutes  at  jar  test 
RPM  =  75,  Unfiltered  SS  =  34  mg/1 ;  Filtered  SS  =  18  mg/1 . 
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Table  E-3.  Freundlich  Isotherm  Data 

Ft  Dix  -  Chemical  Oxygen  Demand 
USAF/K,  Sep  1972 


\ 


E-19 


Table  E-4.  Freundlich  Isotherm  Data 

McGuire  AFB  -  Chemical  Oxygen  Demand 
USAF  EHL/K,  Sep  1972 


(C) 

(V) 

(Y/m) 

Carbon  Dose 
(gm/i) 

Residual  Cone. 
(mg/1 )  .  . 

Adsorbed 

(mg/n  J 

Adsorbed/Dose 

(rcg/gm) 

Unfi  1 1. 

Filt. 

Unfilt. 

Filt. 

Unfilt. 

Filt. 

0 

70 

59 

0 

0 

0.2 

39 

32 

31 

27 

155 

135 

0.4 

27 

22 

43 

37 

108  , 

92 

0.8 

11 

16 

59 

43 

74 

54 

1.2 

16 

11 

54 

48 

45 

40 

2.0 

5 

11 

65 

48 

32 

24 

3.0 

1 

6 

69 

1 

53 

i 

23 

18 

Freundlich 

Isotherm  (Y  =  ACB) 

m 

Ultimate 
Adsorption 
Ob/lb  Carbon) 

(A) 

Constant 

(B) 

Constant 

Correlation 

(r2) 

Unfi It. 

Filt. 

Unfilt. 

Filt. 

Unfilt. 

Filt. 

Unfilt. 

Filt. 

0.156 

0.293  . 

18.90 

1.59 

0.49 

1.28 

0.82 

0.94 

V 
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Table  E-5.  Freundlich  Isotherm  Data 

McGuire  AFC  -  Total  Oxygen  Demand 
USAF  EHl/K,  Sep  1972 


Carbon  Dose 
(gm/l ) 

(C) 

Residual  Cone. 

W.l). 

(Y) 

Adsorbed 

(rcg/n 

(Y/m) 

Adsorbed/Dose 

(rcg/gm) 

Unfilt. 

Filt. 

Unfil  t. 

Filt. 

Unfilt. 

Filt. 

0 

104 

104 

0 

0 

0.2 

60 

60 

44 

44 

220 

220 

0.4 

44 

44 

60 

60 

150 

150  . 

0.8 

36 

34 

68 

70 

85 

88 

1.2 

35 

32 

69 

72 

58 

60 

2.0 

32 

30 

72 

74 

36 

37 

3.0 

28 

29 

76 

75 

25 

25 

i 

Freundlich  Isotherm  (Y_  =  AC^) 

m 


Ultimate 
Adsorption 
(lb/lb  Carb o n]_ 
Unfi  1 1 .  |  F  fit . 


(A) 

Constant 


Unfi  It.  I  Filt. 


(B) 

Constant 


Correlation 

(A 


Unfilt.  I  Filt. 


Unfilt.  I  Filt. 


1.200 


1.200 


0.002 


0.004 


2.94 


2.72 


0.91 


0.86 
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Table  E-6.  Freundlich  Isotherm  Data 

McGuire  AFB  -  Methylene  Blue  Active  Substances 
USAF  EHL/K,  Sep  1972 


Carbon  Dose 
(gm/l ) 

(C) 

Residual  Cone. 
(mg/1) 

(Y) 

Adsorbed 

(mg/'l) 

(Y/m) 

Adsorbed/Dose 

(mg/gm) 

Unfi) t. 

Filt. 

Unfi  It. 

Filt. 

Unfilt. 

Filt. 

0 

0.2 

0.4 

0.8 

1.2 

2.0 

3.0 

3.60 

0.30 

0.10 

0.10 

<0.01 

<0.01 

<0.01 

I — — 

3.8 

1.65 

0.10 

0.03 

<0.01 

<0.01 

<0.01 

0 

3.3 

3.5 

3.5 

>3.59 

>3.59 

>3.59 

J 

0 

2.15 

3.70 

3.77 

>3.79 

>3.79 

>3.79 

16.5 

8.8  , 

4.4 

>2.9 

>1.8 

>1.2 

i 

10.8 

9.2 

4.7 

>3.2 

>1.9 

>1.3 

Freundlich  Isotherm  (Y_ =  ACB) 

m 

U1  tiniate 
Adsorption 
(Ib/lb  Carbon) 

(A) 

Constant 

(B) 

Constant 

Correlation 

(r2) 

Unfi  It. 

Filt, 

Unfi 1 t . 

Filt. 

Unfilt. 

Filt. 

Unfilt. 

Flit. 

0.064 

0.026  . 

22.34 

11.15 

0.471 

0.236 

0.77 

0.82 

\ 
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100  1000 
Residual  TOE1  (mg/1) 

E-20.  McGuire  AFB  TOD  Freundlich  Isotherm  -  Sewage  Plant 
Secondary  Effluent  -  EHL/K,  Sep  1972 
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0.01  0.10  1*0  10.0 

Residual  MBAS  (mg/1) 

Figure  E-21.  McGuire  AFB  MBAS  Freundlich  Isotherm  -  Sewage  Plant  Secondary  Effluent 
EHL/K.  Sen  1972 


Table  E-7.  Ultimate  Carbon  Adsorption  Capacities  - 
Ft  Dix/ McGuire  AFB  NJ  -  USAF  EHL/K 
Sep  1972 


Pounds  Adsorbed/Pound  Carbon 

Parame ter 

Unfiltered 

Filtered 

COD 

Dix 

0.307 

0.372 

MAFB 

0.156 

0.293 

TOD 

Dix 

- 

- 

MAFB 

1.200 

1.20 

MBAS 

Dix 

- 

- 

MAFB 

0.064 

0.026 
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I.  APPLICABLE  WATER  QUALITY  CRITERIA  AND  EFFLUENT  QUALITY  REQUIREMENTS 

Included  in  this  appendix  are  copies  of  pertinent  federal,  Stateof 
New  Jersey  (NJDEP),  and  Delaware  River  Basin  Commission  (DRBC)  criteria  con¬ 
cerning  water  quality  and  treatment  plant  effluent  quality.  Executive  Order 
(EO)  11507,  Department  of  Defense  (DoD)  Directive  5100.50,  Air  Force  Regulation 
19-1,  and  applicable  Army  directives  require  Ft  Dix  and  MAFB  to  insure  that 
their  sewage  treatment  facilities  are  designed,  operated  and  maintained  so  as 
to  conform  with  all  applicable  federal,  state  and  local  agency  water  quality 
standards  adopted  pursuant  to  the  Federal  Water  Pollution  Control  Act  of  1965, 
as  amended.  These  directives  further  require  that  "performance  specifications" 
be  proposed  for  each  treatment  facility  to  meet  the  applicable  requirements. 
Performance  specifications  are  specific  limits  of  discharges  that  will  as  a  min¬ 
imum  provide  for  conformance  with  water  quality  standards. 

II.  INTERIM  PERFORMANCE  SPECIFICATIONS 

A.  BACKGROUND 

Discussions  with  representatives  of  the  Federal  EPA  and  the  NJDEP 
have  resulted  in  the  development  of  proposed  interim  performance  specifi¬ 
cations  for  the  two  sewage  plants.  These  proposed  specifications  should  apply 
for  the  interim  period  until  a  final  decision  is  reached  concerning  the  in¬ 
vestigations  of  a  regional  wastewater  management  program  involving  both  Ft  Dix 
and  MAFB.  Long  range  performance  specifications  are  not  proposed  at  this  time 
primarily  because  of  the  current  emphasis  on  regionalization,  the  probable 
changes  in  state  and  federal  criteria,  and  the  possible  future  changes  in 
mission  requirements  of  Ft  Dix  or  MAFB.  If  regionalization  of  wastewater 
management  efforts  in  this  basin  does  not  materialize,  then  more  stringent, 
long-range  performance  specifications  for  each  of  the  sewage  plants  would 
have  to  be  negotiated  with  the  NJDEP  and  the  DRBC  through  the  EPA.  Sufficient 
data  and  operating  characteristics  on  the  two  sewage  treatment  facilities 
and  the  receiving  waters  are  contained  in  this  report  to  aid  in  any  such 
future  negotiations. 

B.  PROPOSED  SPECIFICATIONS 

Table  F-l  contains  the  proposed  interim  performance  specifications 
which  are  based  on  existing  DRBC  and  NJDEP  criteria  (see  attached  documents, 
Section  IV,  this  appendix). 


Table  F-l .  Proposed  Interim  Performance  Specifications 

for  Ft  Dix  and  MAFB  Sewage  Treatment  Facilities 


Parameter 

DRBC/NJDEP 

EHL/K 

BOD5 

25 

BOD5 

90  percent  removal 

“ 

SS 

100 

- 

SS 

90  percent  removal 

- 

COD 

- 

80 

TDS 

- 

400 

MBAS  (as  LAS) 

- 

3.0 

Phenol 

- 

0.015 

Oil  &  Grease 

10 

- 

Ho 

0.01 

- 

Crtotal 

0.10 

- 

Cr+6 

0.10 

- 

Pb 

0.10 

- 

Zn 

0.60 

- 

Cu 

0.20 

- 

Ag 

- 

0.01 

Ni 

- 

0.05 

As 

0.10 

- 

CN" 

- 

0.01 

Ba 

2.0 

- 

A1 

- 

1.00 

Cd 

0.02 

- 

pH 

6. 5-8. 5 

- 

Fecal  Col i forms 

- 

300 

(Geom.  Mean,  per 

100  ml ) 

Debris,  Scum,  Float. 

none 

- 

Materials 

Toxicity  (1:1 

<96-hr  TL50 

- 

Dilution) 

Odor  (Thresh.  Odor  Nr’ 

250 

- 
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III.  COMPLIANCE  WITH  PROPOSED  PERFORMANCE  SPECIFICATIONS 


Tables  F-2  and  F-3  are,  respectively  the  summaries  of  the  24-hour 
and  12-hour  composite  sampling  data  collected  durinq  the  field  survey. 

The  underlined  entries  in  these  tables  represent  lack  of  compliance  with 
the  proposed  performance  specifications.  Some  difficulties  were  encountered 
with  the  oils  and  grease  analyses  and  the  validity  of  these  data  are  highly 
questionable. 
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Table  F-2.  Ft.Dix  and  MAFB.  Field  Survey  Data  Summaries  (24-Hour 
Flow  -  Composite  Samples)  Sewage  Plant  Effluents  and 
Proposed  Performance  Specification  Compliance  (Under¬ 
lined  Entries  Indicate  Non-compliance) 


Parameter 

Perf. 

MAFB 

Ft.  Dix 

Spec  J 

Ranqe 

Mean 

Ranae 

Mean 

BODr 

BODk 

ss 

ss 

COD 

TDS 

MBAS  (as  LAS) 
Phenol 

Oil  &  Grease 

Hg 

Qrtotal 

Cr+S 

Pb 

Zn 

Cu 

Ag 

Ni 

As 

CN 

Ba 

A1 

Cd 

PH 

25 

30%  Rem 

100 

90%  Rem 

80 

400 

3.0 

0.015 

10 

0.01 

0.10 

0.10 

0.10 

0.60 

0.20 

0.01 

0.05 

0.10 

0.01 

2.00 

1.00 

0.02 

6. 5-8. 5 

<20.0-26.4 
>70. 4- >87. 7 
22.0-53.0 
63.2-81 .0 
3CT33 
170-2W 

4. 2-6.0 
OOini.  025 
89-231 
-<0.005 
-<0.05 
-<0.001 
-<0.05 
0.01-0.03 
0.03-0.08 
-<0.01 
-<0.04 
-<0.01 
-<0.01 
-<1.0 
0.12-0.52 
<0.10 

6. 9-7. 5 

<23.7 

>80.8 

39.3 

76.5 

WJ 

ZW~ 

5.3 

OlO 

152 

<0.005 

<0.05 

<0.001 

<0.05 

0.02 

0.056 

<0.01 

<0.04 

0.01 

<0.01 

<1.0 

0.22 

<0.10 

<12.0-<24.0 

>88.6-92.7 

33.0-46.0 

76.0-86.5 

WT2S - 

266-3T7 

1.6-3. 8 
<0.00T -0.030 
19-271 
-<0.005 
-<0.05 
-<0.001 
-<0.05 
0.01-0.09 
<0.02-0.04 
-<0.01 
-<0.04 
0.01-0.02 
-<0.01 
<1.0-1.20 
0.30-6.30 
-<0.01 

7. 2-7. 5 

<20.9 

>89.7 

38.3 

79.7 

80.0 

284 

2.38 

<0.012 

115.7 

<0.005 

<0.05 

<0.001 

<0.05 

0.043 

0.024 

<0.01 

<0.04 

0.015 

<0.01 

<1.03 

1.397 

<070T 

Fecal  Coliforms 
(Geo.  Mean/ 

100  ml) 

300 

- 

160 

- 

233 

Debris,  Scum, 
Float,  Material 

Toxicity 

Odor 

None 

<96  hr 

tl5o 

250 

See  Note  2 

See  Note  3 

See  Note  4 

See  Note  2 

See  Note  3 

See  Note  4 

NOTES:  1.  All  data  tabulated  in  mg/1  except  for  percent  removals  (%) ,  pH 


(pH  units)  and  fecal  coliforms. 

2.  Resuspended  solids  present  in  plant  effluents  (see  text) • 

3.  No  toxicity  in  unchlorinated  effluents  (see  text) 

4.  Odor  tests  not  conducted. 
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Table  F-3.  Ft  Dix  and  MAFB  Field  Survey  Data  Summaries  (12-hour, 
Flow  -  Composite  Samples)  Sewage  Plant  Effluents  and 
Proposed  Performance  Specification  Compliance  (Under¬ 
lined  Entries  Indicate  Non-compliance). 


Parameter 

Perf . 
Spec.* 

MAFB 

Ft.  Dix 

Range 

Mean 

Range 

Mean 

BODs 

25 

<12.0-35.0 

<24.4 

<12.0-28.8 

<20.1 

BOD5 

90%  Rem 

71.1 ->89.7 

79.9 

79 . 7->95 . 1 

91.2 

SS 

100 

26.0-48.0 

35.0 

24.0-40.0 

32.5 

SS 

90%  Rem 

74.8-80.6 

77.0 

81.8-85.0 

82.5 

COD 

80 

98.0-TTO 

108.0 

777(J-T097O 

94.4 

TDS 

400 

208^357“ 

279 

214-284 

260 

MBAS  (as  LAS) 

3.0 

5.8-10.5 

6.86 

1.4-2. 4 

1.94 

Phenol 

0.015 

0.015-0.025 

0.7)19 

0.005-0.035 

0.019 

Oil  &  Grease 

10 

83.0-103.0 

93.0 

52-87 

69.5 

Hg 

0.01 

- 

- 

- 

- 

Crtotal 

0.10 

-<cr.05 

<0.05 

-<0.05 

<0.05 

Cr+6 

0.10 

<0.001-0.10 

<0.026 

<0.001-0.010 

<0.003 

Pb 

0.10 

-<0.05 

<0.05 

-<0.05 

<0.05 

Zn 

0.60 

0.04-0.05 

0.044 

0.05-0.08 

0.066 

Cu 

r\  00 

U  ,  LU 

no 

“  1  VI- 

<0.02 

-<0.02 

<0.02 

Ag 

0.01 

-<0.01 

<0*.01 

<0.01-0.02 

0.012 

Ni 

0.05 

-<0.04 

<0.04 

-<0.04 

<0.04 

As 

0.10 

- 

- 

- 

- 

CN 

0.01 

-<0.01 

<0.01 

-<0.01 

<0.01 

Ba 

2.00 

-<1.00 

<1.00 

-<1.00 

<1 .00 

A1 

1.00 

0.18-0.26 

0.212 

0.48-0.66 

0.55 

Cd 

0.02 

<0.01 

<0.01 

-<0.01 

<0.01 

pH 

6. 5-8. 5 

6. 7-6. 8 

7. 0-7. 4 

NOTE:  All  data  tabulated  in  mg/1  except  for  percent  removals  (%)  and 
pH  (pH  units). 
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IV.  PERTINENT  FEDERAL,  STATE  AND  DRBC  CRITERIA 

This  section  contains  the  following  documents. 


Page 


A.  "Rules  and  Regulations  Establishing  Surface  Water  Quality 

Criteria,"  NJDEP,  dune  30,  1971  .  F-8 

B.  "EPA  required  Changes  in  the  New  Jersey  Water  Quality 
Standards  and  Minimum  Federal  Water  Quality  Criteria,  EPA,  Region 

II,  undated .  F-13 

C.  "DRBC  Resolution  No.  72-1,  A  Resolution  to  Interpret  and 
Quantify  Certain  aspects  of  the  Commission's  Water  Quality  Standards," 

DRBC,  January  16,  1972 .  F-30 


D.  "Regulations  Concerning  Treatment  of  Wastewaters,  Domestic 
and  Industrial,  Separately  or  in  Combination,  Discharged  into  the  Waters 
of  the  Delaware  River  Basin,"  N.J.  State  Dept  of  Health,  Nov  17,  1967..  F-31 
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RULES  AND  REGULATIONS 


ESTABLISHING  SURFACE  WATER  QUALITY  CRITERIA 


June  30,  1971 

New  Jersey  Department  of  Environmental  Protection 
Richard  J.  Sullivan,  Commissioner 
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STATE  OF  NEW  JERSEY 
DEPARTMENT  OF  WTRONMKN T AL 
PSOtVy  '  vv^V 


Office  of  the  Commissioner 


FOREWORD 


On  the  following  pages  surface  water  quality  criteria  are  set  forth 
which  have  been  adopted  by  the  New  Jersey  Department  of  Environmental 
Protection. 

These  criteria  are  definitions  of  acceptable  water  quality  for  the 
various  categories  of  surface  waters  in  our  state.  They  are  not 
intended  to  be  enforcement  standards  in  their  own  right.  They  represent 
water  quality  objectives  hopefully  to  be  met  through  a  rigorous 
enforcement  program. 

The  entry  of  wastes  into  a  stream  cannot  be  permitted  if  it  will  cause 
the  quality  of  the  stream  to  fail  to  meet  the  criteria.  For  waterways 
that  are  already  polluted  all  waste  treatment  effluents  and  other 
soTirces  of  pollution  must  be  upgraded  or  eliminated  to  permit  the 
restoration  of  quality  as  defined  by  the  criteria.  In  all  such  cases 
standards  are  imposed  upon  the  effluent  in  the  form  of  existing  treatment 
regulations,  administrative  orders,  or  where  necessary,  orders  of  the 
court. 

Similar  control  over  effluent  quality  will  be  imposed  as  a  condition  of 
obtaining  the  required  State  permit  for  the  construction  of  any  new 
industrial  or  community  waste  treatment  facilities.  Such  facilities 
should  have  incorporated  in  them  pollution  control  in  keeping  with  the 
currently  accepted  state  of  the  art.  .  Only  by  stringent  regulation  of 
effluent  quality  will  we  have  any  chance  whatever  of  causing  our  waterways 
to  meet  these  quality  criteria. 


Richard  J.  Sullivan 
Commissioner 


Filed  With  Secretary  of  State:  30  June  1971 
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INTRODUCTION 


The  water  resources  management  concept  is  vital  to  an  effective  water  pollution 
control  program.  The  waters  of  this  State  are  priceless  natural  resources 
which  must  be  properly  managed  if  they  are  to  be  retained  useable  for  their 
best  purposes. 

The  basis  for  such  an  effort  includes  establishing  a  system  of  defining  the 
best  uses  for  all  surface  waters  including  not  only  the  present  but  also 
possible  future  uses  and  recognizing  the  possibility  of  a  variecy  of  compatible 
uses.  This  then  permits  the  development  of  quality  values  or  parameters  for 
such  best  uses.  These  two  measures  are  incorporated  in  the  regulations. 

The  general  ranking,  of  uses_JtCL-bii.-,p.rQi:ected  for  all  of  New  Jersey's  rresh, 
tidal  and  coastal  waters  include  but  are  not  necessarily  limited  to  the 
following: 

(1)  Fresh  Surface  Waters 

(a)  Those  set  aside  for  posterity  to  represent  the  natural 
aquatic  environment  and  its  associated  biota. 

(b)  Public  water  supply. 

(c)  Recreation. 

(d)  Maintenance,  migration  and  propagation  of  natural  and 
established  biota. 

(e)  Industrial  water  supply* 

(f)  Agricultural  water  supply. 

(g)  Navigation. 

(2)  Tidal  Waters 

(a)  Shellfish  harvesting. 

(b)  Public  water  supply. 

(c)  Recreation. 

(d)  Maintenance,  migration  and  propagation  of  the  natural 
and  established  biota. 

(e)  Fish  passage  and  survival. 

(f)  Industrial  water  supply. 

(g)  Agricultural  water  supply. 

(h)  Navigation. 

(3)  Coastal  Waters 


(a)  Recreation. 

(b)  Maintenance,  migration  and  propagation  of  the  natural 
and  established  biota. 

In  the  Water  Quality  Act  of  1965,  the  U.  S.  Congress  authorized  the  estab¬ 
lishment  of  water  quality  standards  for  interstate  (including  coastal)  waters. 
Tine  purpose  of  these  standards  is  the  protection  and  enhancement  of  the 
quality  and  productivity  of  the  nation's  Interstate  waters  to  serve  a  variety 
of  beneficial  uses.  This  Act,  which  amended  the  Federal  Water  Pollution 
Control  Act,  requires  that  the  States  establish*  standards  fer  their  interstate 
waters  subject  to  review  and  approval  by  the  Secretary  of  the  Interior.  The 
responsibility  for  this  and  other  water  pollution  control  functions  has  since 
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been  transferred  from  the  Secretary  of  the  Interior  to  the  Administrator  of 
the  U.  S.  Environmental  Protection  Agency. 

The  standards  serve  as  both  State  and  Federal  standards  which  are  enforceable 
under  the  State  water  pollution  control  statutes  and  the  Federal  Water  Pollution 
Control  Act,  as  amended  (Section  10). 


These  water  quality  standards  actually  consist  of  the  following  three  major 
components ; 


A  statement  of  policy  on  the  protection  and  enhancement  of  water 
resources  including  numerical  values  and  narrative  descriptions 
of  water  quality  parameters  for  specific  water  uses. 
Classification  of  surface  waters  designating  specific  best  uses. 
A  plan  of  implementation  and  enforcement  including  treatment  and 
control  requirements  for  all  wastewaters  discharged  into  or 
affecting  surface  waters. 


The  State  Department  of  Health,  the  agency  previously  responsible  for  water 
pollution  control,  adopted  regulations  effective  September  1,  1964  establishing 
numerical  values  and  narrative  descriptions  of  water  quality  parameters  for 
specific  water  uses.  It  is  these  September  1,  1964  regulations  that  are  to 
be  amended  and  updated  and  will  hereinafter  be  referred  to  in  this  document 
as  "Surface  Water  Quality  Criteria."  The  other  two  components  of  New  Jersey's 
water  quality  standards  (b  and  c  above),  will,  if  necessary,  be  amended  in  the 
future  and  submitted  to  the  Administrator  of  the  U.  S.  Environmental  Protection 
Agency  for  approval. 


In  addition  to  the  adoption  of  Surface  Water  Quality  Criteria,  the  Department 
has  classified  New  Jersey's  waters,  interstate  and  intrastate,  as  to  their 
best  intended  uses.  The  water  quality  standards  were  submitted  to  the 
Department  of  Interior  on  June  27,  1967  for  Federal  approval  in  accordance 
with  the  statutory  timetable.  Subsequently,  certain  revisions  were  made  in 
the  original  submission.  The  Secretary  of  the  Interior  on  March  13,  .1968 
approved  the  standards  with  certain  exceptions. 

The  exceptions  contained  in  the  Secretary's  approval  have  been  accommodated 
in  these  criteria.  The  criteria  also  reflect  considerable  reliance  upon  the 
findings  and  recommendations  in  the  "Report  of  the  Committee  on  Water  Quality 
Criteria"  published  April  1,  1968  by  the  Federal  Water  Pollution  Control 
Administration . 


The  Surface  Water  Quality  Criteria  also  reflect  the  efforts  and  opinions  of 
members  of  the  State  Interdepartmental  Committee  on  Surface  Water  Pollution 
Abatement.  Representation  on  this  Committee  includes  the  Division  of 
Water  Resources,  Division  of  Fish,  Game  and  Shellfisheries ,  Division  of 
Parks  and  Forests,  all  within  the  Department  of  Environmental  Protection, 
the  Division  of  Rural  Resources  of  the  Department  of  Agriculture,  the 
Division  of  State  and  Regional  Planning  of  the  Department  of  Community 
Affairs,  and  the  Division  of  Economic  Development  of  the  Department  of  labor 
and  Industry. 

The  amended  Surface  Water  Quality  Criteria  consists  of  the  following: 

(a)  Statement  of  policy  on  the  protection  and  enhancement  of  water 
resources.  F-ll 


(b)  Glossary  of  terms. 

(c)  Parameters  of  quality  consisting  of  numerical  values  and  narrative 
descriptions  for  defined  water  uses. 

These  criteria  do  not  describe  existing  quality  conditions  of  New  Jersey’s 
waterways.  They  do  represent  objectives  of  cleanliness  which  hopefully  can 
be  achieved  through  the  administrative  and  enforcement  mechanisms  available 
to  the  State  Department  of  Environmental  Protection. 

We  believe  that  these  criteria  are  achievable  through  rather  severe  wastewater 
treatment  requirements  that  are  already  in  effect  in  addition  to  the  contemplated" 
construction  of  regional  water  pollution  control  projects  or  the  reconstruction 
and  improvement  of  existing  facilities.  Additional  measures  may  be  required 
to  deal  with  nonspecific  pollution  sources. 

These  criteria  will  provide  the  basis  for  protecting  and  enhancing  the  quality 
of  both  interstate  and  intrastate  waters;  they  are  compatible  with  those 
adopted  by  our  neighboring  states. 

Considerable  water  quality  data  will  be  gathered  and  studies  made  to  permit 
a  continuing  evaluation  of  the  proposed  criteria  and  effluent  regulations. 
Scientif ic  analyses  of  such  data  will,  in  tui*n ,  enable  the  Department  to 
expand  specific  wastewater  effluent  quality  standards  including  equitable 

load  allocation  for  each  approved  discharge  source.  This  approach  has 
already  been  taken  in  the  Delaware  River  Estuary  area. 

These  criteria  may  also  be  utilized  to  assist  in  determining  the  influence 
of  man’s  activities  beyond  those  involving  the  discharge  of  used  community 
or  industrial  waters.  These  indirect  sources  of  water  pollution  include  land 
development,  water  impoundments,  dredging,  landfills  and  agricultural  operations. 

It  should  be  pointed  out  that  the  criteria  are  not  intended  to  be  applicable 
in  instances  where  water  quality  does  not  conform  to  specified  values  solely 
as  a  result  of  natural  causes. 

With  the  exception  of  a  relatively  few  toxic  substances,  tolerable  levels 
of  many  toxic  substances  in  waters  have  not  been  fully  established.  In 
addition,  toxicity  may  vary  depending  upon  the  presence  or  interaction  of 
different  constituents  and  the  nature  or  characteristics  of  the  stream  or 
waterway  involved .  Therefore,  maximum  permissible  limits  for  toxic  substances 
will  he  determined  by  appropriate  bioassavs  in  addition  t;q  available  .-technical 
guidance . 

Because  of  the  complex  interrelationships  between  the  physical ;  chemical , 
biological  and  hydrological  factors  affecting ^jthe aquatic  enyironmen t ,  ut i liy 
zation  of  these  criteria,  particularly  where  jsgecific  numerical  values  are 
involved,  must  be  carried  out  with  great  care .  Sufficient  valid  data  must 
be  obtained  and  assessed  to  determine  with  reasonable  accuracy  levels  of 
qu a  1  i t y  for  a  particular  waterway .  This  cannot  be  overemphasized-.sj r  ce...thesp 
-criteria,  will  bo,, util  Jzed_not..  on!  y„_bv  the.  St  a  t  e_T>  e  imr  tmen f  ^  vi  r  oilmen  t  a  1 

Pro t ec t i on  but  by  other  water  pollution  control  and  water  res ource  agencie s  ± _ 

local  boards  of  health,  private  citizens ?  civic  and  other  groups . 

These  cr i jte ria  and  other  inf o rma t ion  wi  1 1  guide  th o  Departmcn t_ i n_d e t e r m i n i n g 
the_._r.equi.reci  degree  of  treatment  ,  and  therefore  the  quality  of  effluent  for 
all  waste  treatment  facilities,  F-12 
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SECTION  1 


A  STATEMENT  OF  POLICY 


1.1  Chapter  12  of  Title  58  of  the  Revised  Statutes  of  New  Jersey  (N.J.S.A.) 
58:12-3  provides  that  no  plant  for  the  treatment  of  domestic  or  industrial 
wastes  or  other  polluting  substance  from  which  the  effluent  is  to  flow 
into  any  of  the  waters  of  this  State,  shall  be  constructed  except  under 
such  conditions  as  shall  be  established  by  the  State  Department  of  Environ¬ 
mental  Protection. 

1.2  The  protection  and  enhancement  of  the  quality  and  function  of  the  waters 
of  this  State  into  which  effluents  from  sewerage  facilities  are  discharged 
is  a  principal  objective  of  the  State  Department  of  Environmental 
Protection  when  considering  the  approval  of  designs  for  proposed  sewerage 
facilities . 

1.3  Waters  which  are  designated  to  be  retained  in  their  natural  state  and 
therefore  not  subject  to  any  man-made  wastewater  discharges  shall  be 
protected. 

1.4  The  protection  and  enhancement  of  the  State’s  waterways  shall  take 
precedence  over  such  allowable  minimal  water  quality  levels  as  may  be 
established . 

1.5  In  all  situations  where  there  may  be  an  impingement  of  a  lesser  quality 
water  upon  that  of  a  higher  quality  of  water,  the  lesser  quality  of  water 
shall  be  upgraded  In  order  to  protect  or  improve  adjacent  higher  quality 
waters. 

1.6  Existing  approved  shellfish  harvesting  areas  shall  be  protected.  Tidal 
waters  that  now  are  at  levels  of  quality  below  acceptable  limits  for 
shellfish  harvesting  shall  be  restored. 

1.7  Any_.industry  or  community  does  not  have. the  privilege  of  utilizing  the 
theoretical  capacity  of  surface  waters  to  receive  waste  discharges. 

1.8  Water  is  vital  to  life  and  comprises  an  invaluable  natural  resource 
which  is  not  to  be  abused  by  any  segment  of  the  State’s  population  or 
its  economy. 

1 . 9  Where  existing  water  quality  is  better  than  the  established  cri t e r i a , 
the  Department  of  Environmental  Protection  in  the  administration  of 
its  regulations  shall  maintain  the  quality  of  such  waters  unless  it 
can _he_JeiaansiLr aLsd_tiia.tL_c.lianm.J-.S-_i .us  u JXLaIil_c„cus_^a_.rc suit  pf.necess a xy 
e r.onnmi  r  or  SOCital  development . 

«_JyjJL£L  The  water  quality  criteria  for  the  main  stem  of  the  Delaware  River 

(fresh  and  tidal)  to  and  including,  the  Delaware  Bay  are  established  in 

the  current  Water  Quality  Standards  for  the  Delaware  River  Basin  adopted 
by  the  Delaware  River  Basin  Commission  as  part  of  its  Comprehensive  Plan. 

1.11  The  water  quality  criteria  for  the  Raritan  Bay  shall  be  those  established 

for  7W-1  waters,  as  a  minimum,  but  that  the  management  of  the  quality 

of  the  water  system  comprising  the  Raritan  Bay  shall  be  such  as  to 
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assure  that  regulations  of  the  Interstate  Sanitation  Commission  with 
respect  to  dissolved  oxygen  will  be  met. 

1.12  The  levels  of  quality  specified  for  various  water  uses,  where  applicable, 

"  arc  expected  to  be  maintained  under  conditions  comprising  minimum 

consecutive  seven  day  fresh  water  flows  with  ten  year  recurrence  intervals 

1.13  The  min  inn  i»ll_il.Ciiroe_o  f_  wn  s  t  ewa  tor  t  rea  tmen  t  permitted  shall  jtonslst  of 
the  reduction  of  biochemical .  oxygen  demand^Vy  at^least'"^ 80" 'percent 'at' '”~ 

al  1  times . _ Higher  treatment  requirements  will*' be“  estabiished~whe~re~ 

necessary.  ”  - " - 

1.14  effective  year-round  disinfection  shall  be  required  for  all  treated 
wastewater  discharges  containing  pathogenic  organisms. 
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SECTION 


GLOSSARY  OF  TERMS 


2.1  Agricultural  Water  Supply  -  Water  used  for  livestock  or  irrigation. 

2.2  Anadromous  Fish  -  Fish  that  spend  a  part  of  their  lives  in  the  sea  or 
lakes',  but  ascend  rivers  to  spawn. 

2.5  Aquatic  Substrata  -  Soil  material  and  attached  biota  underlying  the 
water. 

2.4  Biota  -  The  animal  and  plant  life  of  the  region;  flora  and  fauna 
collectively. 

2.5  Department  -  New  Jersey  State  Department  of  Environmental  Protection. 

2.6  F.utrophic  Lake  -  Lakes  with  a  good  supply  of  nutrients;  they  may 
support  rich  organic  production,  such  as  algae  blooms  and  are  commonly 
deficient  in  dissolved  oxygen  below  the  thennocline  when  stratified. 

2.7  Industrial  Water  Supply  -  Water  used  for  processing  and  cooling. 

2.8  Mixing  Zones  -  Localized  areas  of  surface  waters,  as  may  be  designated 
by  the  Department,  into  which  wastewater  effluents,  including  heat, 
may  be  discharged  for  the  purpose  of  mixing,  dispersing  or  dissipating 
such  wastewater  without  creating  -nuisances  or  hazardous  conditions. 

2.9  Natural  Temperature  -  Temperature  that  would  exist  in  a  waterway  without 
the  addition  of  heat  of  artificial  origin. 

2.10  Nontrout  Waters  -  Waters,  that  because  of  their  physical  and/or  chemical 
and/or  biotic  characteristics,  are  not  suitable  for  trout  but  which,  in 
general,  are  suitable  for  a  wide  variety  of  other  fish  species. 

2.11  Primary  Contact  Recreation  -  Recreational  activities  that  involve  sig¬ 
nificant  ingestion  risks  and  including  but  not  limited  to  the  following: 

(1)  wading,  (2)  swimming,  (3)  diving,  (4)  surfing,  and  (5)  water  skiing. 

2.12  Secondai~y  Contact  Recreation  -  Recreational  activities  where  the 

probability  of  significant  contact  or  water  ingestion  is  minimal  and 
including  but  not  limited  to:  (1)  boating,  (2)  fishing,  (3)  and  those  . 

other  activities  involving  limited  contact  with  surface  waters  incident 

to  shoreline  recreation. 

2.13  Surface  Water  Classifications  -  Surface  waters  of  this  State  identified 
as  (1)  Fresh  (FW) ,  (2)  Tidal  (TU)  and  (3)  Coastal  (CW) .  This  includes 
both  interstate  and  intrastate  waters. 

2.14  Thermocline  -  The  layer  in  a  body  of  water  in  which  the  drop  in  temperature 
equals  or  exceeds  1°  C.  per  meter  of  depth. 

2.15  Thermal  Alterations  -  The  increase  or  decrease  in  temperature  of  surface 

waters  above  or  below  the  natural  that  may  be  caused  by  the  activities 
of  man.  c  -ic 


2.16  Trout  Maintenance  Waters  -  Waters  that  support  trout  throughout  the  year 
oF  which  have  high  potential  for  such  use  pending  the  correction  of  short 
term  environmental  alterations.  Waters  in  which  the  biotic  community  is 
manipulated  for  the  purpose  of  trout  maintenance  and  which  are  otherwise 
not  naturally  suited  for  such  purposes  are  not  included. 

2.17  Trout  Production  Waters  -  Waters  that  are  used  by  trout  for  spawning 
and/or  nursery  purposes  during  their  first  summer;  or  which'  are  considered 
to  have  hdgh  potential  for  such  use  pending  the  correction  of  short  term 
environmental  alterations. 

2.18  Wildlife  -  All  undomesticated  animals  and  fowl. 
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SECTION  3 


r  v 


SURFACE  WATER  USE  DESIGNATIONS  AND  CRITERIA  OF  QUALITY 
TO  BE  MAINTAINED  IN  WATERS  SO  DESIGNATED 


SECTION  3.1  -  SURFACE  WATER  QUALITY  CRITERIA  FOR  FW-1  WATERS 

CLASS  FW- 1  -  Fresh  waters  ,  including  rivers  , 
streams,  lakes,  or  other  bodies  of  water,  that 
because  of  their  clarity,  color,  scenic  setting, 
or  other  characteristic  of  aesthetic  value  or 
unique  special  interest,  have  been  designated  by 
authorized  State  agencies  in  conformance  with 
laws  pertaining  to  the  use  of  private  lands,  are 
set  aside  for  posterity  to  represent  the  natural 
aquatic  environment  and  its  associated  biota. 

3.1.1  These  waters  shall  be  maintained  as  to  quality  in  their  natural  state 
and  shall  not  be  subject  to  any  man-made  wastewater  discharges. 
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SECTION  3.2  -  SURFACE  WATER  QUALITY  CRITERIA  FOR  FW-2  WATERS 

0 

CLASS  FW-2  -  Fresh  surface  waters  approved  as 
sources  of  public  water  supply.  These  waters 
shall  be  suitable  for  public  potable  water 
supply  after  such  treatment  as  shall  be 
required  by  the  Department. 

These  waters  shall  also  be  suitable  for  the 
maintenance,  migration  and  propagation  of 
the  natural  and  established  biota;  and  for 
primary  contact  recreation;  industrial  and 
agricultural  water  supply  and  any  other 
reasonable  uses. 

3.2.1  FLOATING  SOLIDS.  SETTT.EABLE  SOLIDS ,  OIL.  CREASE,  COLOR  AM)  TURBIDITY 

None  noticeable  in  the  water  or  deposited  along  the  shore  or  on  the 
aquatic  substrata  in  quantities  detrimental  to  the  natural  biota. 

None  which  would  render  the  waters  unsuitable  for  the  designated  uses. 

3.2.2  TOXIC  OR  DELETERIOUS  SUBSTANCES  INCLUDING  BUT  NOT  LIMITED  TO  MINERAL 
ACIDS,  CAUSTIC  ALKALI,  CYANIDES,  HEAVY  METALS,  CARBON  DIOXIDE,  AMMONIA 

OR  AID  IONIUM  COMPOUNDS,  CHLORINE,  PHENOLS,  PESTICIDES,  ETCT 

None,  either  alone  or  in  combination  with  other  substances,  in  such 
concentrations  as  to  affect  humans  or  be  detrimental  to  the  natural 
aquatic  biota  or  which  would  render  the  waters  unsuitable  for  the 
designated  uses.  None  which  would  cause  the  Potable  Water  Standards 
of  the  Department  for  drinking  water  to  be  exceeded  after  appropriate 
treatment. 

3  •  2 . 3  TASTE- ANT)  ODOR  PRODUCING  SUBSTANCES 

None  offensive  to  humans  or  which  would  produce  offensive  tastes  and/or 
odors  in  water  supplies  and  fauna  used  for  human  consumption.  None 
which  would  render  the  waters  unsuitable  for  the  designated  uses. 

3.2.4  pH 

Between  6 . 5  and  8.5, 

3.2.5  DISSOLVED  OXYGEN 

.Trput  Production  Waters  -  Not  less  than  7.0  mg/1  at  any  time. 

(b)  trout  Maintenance  Streams  -  Daily  average  not  less  than  6.0  mg/1. 
Not  less  than  5.0  mg/1  at  any  time. 

^c'  i.r a:*-nt: c n an c e  Lakes  -  Daily  average  not  less  than  6.0  mg/1. 

Not  less  than  5.0  mg/1  at  any  time. 

In  eutrophic  lakes  when  stratification  is  present,  not  less  than 
4.0  mg/1  in  or  above  the  thermocline  where  water  temperatures 
are  below  72°  F .  At  depths  where  the  water  is  72°  F,  or  above, 
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SECTION  3.2 


FW-2 


daily  average  not  less  than  6.0  mg/1  and  not  less  than  5.0  mg/1 
at  any  time. 

(d)  Nontrout  Waters  -  Daily  average  not  less  than  5.0  mg/i.  Not  less 
than  4.0  mg/1  at  any  time. 

3.2.6  TEMPERATURE 

(a)  -Trout:  Production  Waters  -  Natural  temperatures  shall  prevail  except 

where  properly  treated  wastewater  effluents  may  be  discharged.  Where 
such  discharges  occur,  stream  temperatures  shall  not  be  raised  more 
than  1°  F. 

(b)  Trout  Maintenance  Streams  --  No  heat  may  be  added  which  would  cause 
temperatures  to  exceed  2°  F.  over  the  natural  temperatures  at  any  time 
or  which  would  cause  temperatures  in  excess  of  68°  F. 

Reductions  in  temperatures  may  be  permitted  where  it  can  be  shown 
that  trout  will  benefit  without  detriment  to  other  designated  water 
uses.  The  rate  of  temperature  change  in  designated  mixing  zones 
shall  not  cause  mortality  of  the  biota. 

(c)  Trout  Maintenance  Lakes  -  No  thermal  alterations  except  where  it 
can  be  shown  to  benefit  the  designated  uses. 

(d)  Nontrout  Waters  -  No  thermal  alterations,  except  in  designated 
mixing  zones,  which  would  cause  temperatures  to  deviate  more  than 
5°  F.  at  any  time  from  natural  stream  temperatures  or  more  than 
3°  F.  in  the  epilimnion  of  lakes  and  other  standing  waters. 

No  heat  may  be  added,  except  in  designated  mixing  zones,  which 
would  cause  temperatures  to  exceed  82°  F.  for  small  mouth  bass 
or  yellow  perch  waters  or  86°  F.  for  other  nontrout  waters. 

The  rate  of  temperature  change  in  designated  'mixing  zones  shall 
not  cause  mortality  of  the  biota. 

3.2.7  RADIOACTIVITY 

Current  U.  S.  Public  Health  Service  Drinking  Water  Standards  shall  apply. 

3.2.8  BACTERIAL  QUALITY 

Fecal  coliform  levels  shall  not  exceed  a  geometric  mean  of  200/10G  ml. 
Samples  snail  be  obtained  at  sufficient  frequencies  and  at  locations 
and  during  periods  which  will  permit  valid  interpretation  of  laboratory 
analyses . 

Appropriate  sanitary  surveys  shall  also  be  carried  out  n.s  a  supplement 
to  such  sampling  and  lab  ore.  tor;,''  analyses. 


I 
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SECTION  3-3  -  SURFACE  WATER  QUALITY  CRITERIA  FOR  FW- J  WAFERS 

CLASS  TO- 3  -  Fresh  surface  waters  suitable 
Tor  the  maintenance,  migration  and  propa¬ 
gation  of  the  natural  and  established  biota; 
and  for  primary  contact  recreation;  industrial 
and  agricultural  water  supply  and  any  other 
reasonable  uses. 


3.3.1  FLO ATING  SOLIDS.  SETTLEABLE  SOLIDS.  OIL.  GREASE,  COLOR  ANT)  TURBIDITY 


None  noticeable  in  the  water  or  deposited  along  the  shore  or  on  the 
aquatic  substrata  in  quantities  detrimental  to  the  natural  biota. 

None  which  would  render  the  waters  unsuitable  for  the  designated  uses. 


3  n  P  TOXIC  OR  DELETERIOUS  SUBSTANCES  INCLUDING  BUT  NOT  LIMITED  TO  MINERAL 

ACIDS  CAUSTIC" ALKALI ,  CYANIDES.  HEAVY  METALS.  CARBON  DIOXIDE,  AMMONIA 

OR  AMMONIUM  COMPOUNDS,  CHLORINE.  PHENOLS.  PESTICIDES,  ETC. 


None,  either  alone  or  in  combination  with  other  substances,  in  such 
concentrations  as  to  affect  humans  or  be  detrimental  to  the  natural 
aquatic  biota  or  which  would  render  the  waters  unsuitable  for  the 
designated  uses. 


j.  u.  j 


TASTE  AND  ODOR  PRODUCING  SUBSTANCES 


None  offensive  to  humans  or  which  would  produce  offensive  tastes  and/or 
odors  in  fauna  used  for  human  consumption.  None  which  would  render  the 
waters  unsuitable  for  the  designated  uses. 


3. 3. A  £H 

Between  6.5  and  8.5. 


3.3.5  DISSOLVED  OXYGEN 

(a)  Trout  Production  Waters_  —  Not  less  than  7.0  mg/ 1  at  any  time. 

(b)  Trout  Maintenance  Streams  -  Daily  average  not  less  than  6.0  mg/1. 
Not  less  than  5.0  mg/1  at  any  time. 

(C)  Trout  Maintenance  Lakes  -  Daily  average  not  less  than  6.0  mg/1. 
Not  less  than  5.0  mg/1  at  any  time. 

In  eutrophic  lakes  when  stratification  is  present,  not  less  than 
A.O  mg/1  in  or  above  the  thermocline  where  water  temperatures 
are.  below  72°  F.  At  depths  where  the  water  is  72°  F.  or  above,- 
daily  average  not  less  than  6.0  mg/1  and  not  less  than  5.0  mg/1 
at  any  time. 

(d)  Nontrout  Waters  -  Daily  average  r.ot  less  than  5.0  mg/1.  Not  less 
uhan  A.O  uig/1  at  any  time. 
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TFTJ-3 


3.3.6  TEMPERATURE 


(a)  Trout  Production  Waters  -  Natural  temperatures  shall  pre.vail  'except 
where  properly  treated  wastewater  effluents  may  be  discharged.,  t^ere 
such  discharges  occur,  stream  temperatures  shall  not  be  raised  more 
than  1°  F. 


(b)  Trout  Maintenance  Streams  -  No  heat  may  be  added  which  would  cause 

temperatures  to  exceed  2°  F.  over  the  natural  temperatures  at  any  time 
or  which  would  cause  temperatures  in  excess  of  68°  F. 


Reductions  in  temperatures  may  be  permitted  where  it  car.  be  shoxm 
that  trout  will  benefit  without  detriment  to  other  designated  water 
uses.  The  rate  of  temperature  change  in  designated  mixing,  zones 
shall  not  cause  mortality  of  the  biota. 

(c)  Trout  Maintenance  Lakes  -  No  thermal  alterations,  except  where  it 
can  be  shown  to  benefit  the  designated  uses. 

(d)  Nontrout  Waters  -  No  thermal  alterations,  except  in  designated 
mixing  zones  which  would  cause  temperatures  to  deviate  more  than 
5°  F.  at  any  time  from  natural  stream  temperatures  or  mc~e  than 
3°  F.  in  the  epilimnion  of  lakes  and  other  standing  waters. 


No  heat  may  be  added,  except  in  designated  mixing  zones,  which 
would  cause  temperatures  to  exceed  82^  F.  for  small  mouth  bass 
or  yellow  perch  waters  or  86°  F.  for  other  nontrout  waters. 


The  rate  of  temperature  change  in  designated  mixing  zones  shall 
not  cause  mortality  of  the  biota. 


3.3.7  RADIOACTIVITY 


Current  U.  S.  Public  Health  Service  Drinking  Water  Standards  shall  apply. 

3.3.8  BACTERIAL  QUALITY 

Fecal  coliform  levels  shall  not  exceed  a  geometric  mean  of  200/100  ml. 
Samples  shall  be  obtained  at  sufficient  frequencies  and  at  locations 
and  during  periods  which  will  permit  valid  interpretation  of  laboratory 
analyses . 

Appropriate  sanitary  surveys  shall  also  be  carried  out  as  a  supplement 
to  such  sampling  and  laboratory  analyses. 
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Required  Changes  in  New  Jersey  Water  Quality  Standards.  • 


State/Federal 

Items-  Classi fication 

3 . 1  Class  FW-1/A 


3.2  Class  FW-2/A 


3.2.1  Floating  solids; 
etc. 

3.2.2  Toxi:  or 
Deleterious  Subs. 

3.2.4  pH 

3.2.5  P.0. 

b. 

c. 

d. 


3.3  Class  FW-3/A 

3.3.1  t loating  Solids, 
etc. 

3.3.2  Toxic  or 
Deleterious  Subs. 

3.3.4  pH 

3.3.5  D.O. 

b. 

c. 

d. 


*1  terns  ref  r  to  section  of 
rrite» ia. ' 
except  a:,  other. /iso  noted,  changes 


Required  Changes** 

Satisfactory  as  written.  Federal  Criteria 
contained  in  1,  2.1,  2.2,  5  and  6  must 
apply. 


Federal  Criteria  1.1,  1.2  &  1.3  must  appl; 

Federal  Criteria  1.4  &  2.1.2  must  apply. 

Federal  Criteria  2.2.2  must  apply. 

Federal  Criteria  2. 1.1.1  must  apply, 
specifical ly : 

&6.0  mg/1 

^6.0  mg/1;  Eutrophic  Lakes:  a 5.' 

mg/1  and  6.0  mg/1 
a=5.0  mg/1  (2.1.1.1c) 

Appropriate  Federal  Criteria  contained  in 
1,  2.1,  2.2,  3,  4,  5,  6  and  7  not  cited 
above  must  also  apply. 


Federal  Criteria  1.1,  1.2  a; «.  1.3  must 
apply. 

Federal  Criteria  1.4  &  2.1.2  :'ust  apply. 

Federal  Criteria  2.2.2  must  cp/iy. 

Federal  Criteria  2. 1.1.1  must  apply, 
specifically: 
s=  6.0  mg/1 

c^6.0  mg/1;  Futrophic  Lakes:  ~5.0 
mg/1  and  --'-6.0  mg/1 
« 5.0  mg/1  (2.1.1.1c) 

Appropriate  Federal  Criteria  contained  ir 
1,  2.1,  2.2,  3,  4,  5,  6  and  7  not  cited 
above  must  also  apply. 


Rules  and  Regulations  Establishing  Surface  Water  Qua 1 i  1 
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refer  to  sections  of  Attachment  III. 
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Minimum  Federal  Water  Quality  Criteria 


1 .  G>  r.eral  Wa to C ua I  i  tv  Criteria* 

All  surface  racers  shall  rxet  generally  accepted  aesthetic  qualifications 
and  'hall  be  cac-ab! e  cf  supporting  diversified  aquatic  life.  These  waters 
shall  be  free  of  substances  attributable  to  discharges  or  waste  as  .ollows: 

1.1  Materials  that  will  settle  to  form  objectionable  deposits. 

1.2  Floating  debris,  oil,  scum,  and  other  matter. 

1.3  Substances  producing  objectionable  color,  odor,  taste,  or 
turbidity. 

1.4  Materials,  including  radionucl iocs ,  in  concentre  cions  eu 
combinations  which  arc  toxic  cr  winch  produce  undesii ao< c 
physiological  responses  in  human,  tish  and  ou’nei  animal 
life,  and  plants. 

1.5  Substances  and  conditions  or  combinations  thereof  in  con¬ 
centrations  which  produce  undesirable  aquatic  life. 

2 .  Sn  o  c  i  f  i  c  1  [  a  t  e  r  f  ■ 1 :  a  1  i  t  v 

2.1  For  All  Waters 

2.1.1  Key  Parameters 

2. 1.1.1  Dissolved  Oxygen  (00) 

a)  Cold  Froth  Water:  (Trout  Spawning) 

Not  loss  than  7.0  me/1  from  other  than  natural  conditions. 


*Nolc:  An  example  cf  ho w  this  statement  may  be  expanded  is  shown  in  the 
txample  Water  duality  Standards,  Attachment . II 1 ,  Fart  t. 
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b)  Cold  Fresh  Waters  (Trout) 

Not  less  than  6.C  ir,g/l  except  that  the  DO  nay  be  between  5.0 
and  6.0  for  not  more  than  4  hours  within  any_ 24  hour  period 
provided  the  water  quality  is  favorable  in  ail  othe.'  respects 
and  normal  daily  and  seasonal  fluctuations  occur.  In  large 
streams  that  have  some  stratification  or  that  serve  prin¬ 
cipally  as  migratory  routes  CO  levels  may  range  between  4.0 
and  5.0  mg/1  for  periods  up' to  6  hours,  but  in  no  case  shall 
the  DO  be  below  4.0  mg/1. 

c)  Fresh  Waters  (Streams,  Unstratified  Lakes  and  Epilirr.n'o.n 
of  Stratified  Lakes) 

Not  less  that.  5.0  mg/1  except  that  the  DO  may  be  between 
4.0  and  5.0  mg/1  for  not  mere  than  4  hours  within  any  24 
hour  period  provided  the  water  quality  is  favorable  in  all 
other  respects,  but  in  no  case  shall  the  DO  bo  less  than 
4.0  mg/1 . 

d)  Fresh  Waters  (Uycolimnion  of  Stratified  Lakes) 

Hot  less  than  6.0  mg/1  front  other  than  natural  conditions. 

e)  Narine  Waters  (Coastal) 

Not  loss  than  5.0  mg/1  from  other  than  natural  conditions. 

f)  Estuarine  Waters  (Estuaries  and  Tidal  Tributaries) 

Not  loss  than  6.0  mg/1  from  other  than  natural  conditions. 

A  DO  cf  between  4.0 ’and  5.0  mg/l  will  be  permitted  for 
infrequent  intervals  and  for  limited  periods  of  time 
where  sal  ini  by  is  reduced  (near  the  salt  line),  but  at 
no  time  shall  the  DO  be  loss  than  4.0  mg/1. 
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2.1.  i. .2  Temperature 

a)  Cold  Fresh  Waters  (Trout  Spawning) 

Natural  temperatures  shall  prevail  except  where  properly  treat¬ 
ed  wastewater  effluents  may  be  discharged.  Where  such  discharges 
occur,  stream  temperatures  shall  not  be  raised  more  than  1°F. 

b)  Cold  Fresh  Waters  (Trout) 

No  heat  may  be  added  which  would  cause  temperatures  to  exceed 
over  the  natural  temperatures  at  any  time  or  which  would 
cause  temperatures  in  excess  of  68° F. 

Reductions  in  temperatures  may  be  permitted  where  it  can  be 
shown  that  trout  vilJ  benefit  v.Tithout  detriment  to  other  de¬ 
signated  water  uses.  The  rate  of  temperature  change  in  de¬ 


rail  not 


c)  'front  Maintenance  Lakes 


No  thermal  alterations  except  where  it  can  be  shown  to  bene¬ 


fit  Lhe  .designated  uses. 


ti Tied  Lakes) 


which  would  cause  to.  pern  Lure  to  deviate  more  than  5°F.  at 


any  time  from  nature;!  stream  temperature  or  more  than  3°F. 


which  v  on  1 J  cause  t  <..;r,porut 


trout  waters. 


The  i\t f  •  •  of  to::  nor 


change  in  designated  nixing  cones 
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shall  not  cause  mortality  of  the  biota, 
e)  Hy  pollen  ion.  of  Stratified  Lakes 

Unless  a  special  study  shows  that  a  discharge  of  a  heated 
effluent  into  the  hypoiictnion  or  pumping  water  from  the 
hypolimuion  (for  disenarging  bac^t  into  the  same  water  body) 
vil 1  be  desirable,  such  practice  shall  not  be  permitted, 
i)  Estuarine  Waters 

Mo  heat  may  he  added,  except  in  designated  mixing  zones, 
which  would  cause  temperatures  to  exceed  85°F.,  or  which 
would  t..uiic  the  monthly  mean  of  the  maximum  daily  tempera¬ 
ture  at  any  site,  prior  to  the  addition  of  any  heat,  to  be 
exceeded  by  more  than  A°F.  during  September  through  May, 
or  more  than  .1 .5°F.  during  June  through  August.  fhe  rate 
of  temperature  change  in  dLsignaled  mixing  zones  shall  not 
cause  mortality  ot  the  biota.' 
g)  Marine  WaLors 

Mo  heat  may  be  added,  except  in  designated  mixin;  zones, 
which  would  cause  the  temperature  to  exceed  80°F.  or  vh i  . 


v:ou  Ld  cau? 

.0  the  non thl 

y  r.it 

•an  of 

t  he  maximum  daily  t «  mporat*. : 

at  any  si  1 
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t  ho 
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2. 1.1. 3  Dissolved  Solids 

a)  Fresh  Waters 

Maximum  dissolved  solids  of  500  mg/1  or  one  third  above 
(133.)  natural  characteristic  levels,  whichever  is  less. 

b)  Karine  Waters 
Not  appl icabl e. 

2.1 .1 .4  Dissolved  Gas 

# 

a)  Cold  Waters  (Fresh  &  Marine) 

Total  dissolved  cos  pressure  not  to  exceed  110  percent 
of  existing  atmospheric  pressure. 

2. 1.1. 5  Phosphorus  as  total  P  shall  not  exceed  100ug/l  in  any 
stream  nor  exceed  50  .-.g/i  in  any  reservoir,  late,  estu¬ 
ary*  or  offshore  cater,  or  at  any  point  where  it  enters 
those  receiving  waters. 

2.1 .1.6  Su.-.ocndocl,  Colloidal  or  Sett! cable  Solids:  None  from  waste 
water  sources  which  will  cause  deposition  or  be  deleter¬ 
ious  for  the  designated  uses. 


2. l.i. 7  Oil  and  Floating  Substances:  No  residue  attributable  tc 
waste  water  nor  visible  oil  film  nor  globules  of  grease. 


.1.2  Radioactivity  (USPHS  - 

Drinking  Water  Standards  shall  apply) 

2. 1.2.1  Gross  Dots 

1,000  picocuries  per  liter  in  th„ 
absence  of  Sr1'-  and  alpha  emitter.. 

2. 1.2. 2  Radium-226 

3  picocuries  per  liter 

2. 1.2. 3  Strontium- 90 

10  picocuries  per  liter 

2  Class  A  Waters 

'.2.1  Microbiological  •-  shall 
200  local-  coii terms  (■•••' 

not  exceed  a  geometric  mean  of 
.,)  per  iDO  ml . 
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2.2.1  a)  Shellfish  -  National  Shellfish  Sanitation  Program  (NSSP) 

microbiological  standards  shall  apply,  i.e.  shall  not  ex¬ 
ceed  a  median  of  70  total  col i forms  (KPN)  per  100  ml. 

2.2.2  pH  -  shall  be  maintained  between  6.5  and  8.3 

pH  -  Marine  -  Normal  ranee  of  pH  must  not  be  extended  at 
any  location  by  more  than  +  0.1  pH  unit.  At  no  time 
shall  the  pH  be  less  than  6.7  or  greater  than  8.3. 

2.2.3  Taste  and  Odor  Producing  Substances  -  None  in  amounts  that 
will  interfere  with  use  for  orim.ary  contact  recreation,  pot¬ 
able  water  supply  or  will  render  any  undesirable  taste  or 
odor  to  edible  aquatic  life. 

2.2.4  Color  and  Turbidity  -  a  Secchi  disc  shall  be  visible  at  a 
minimum  depth  of  1  meter. 


2.3  Class  B  Haters 


2.3.1  Microbiological  -  shall  not  exceed  a  geometric  mean  of 
10,000  total  coli forms  cr  of  2.Q0C  fecal  col  if onus  (KPN) 
per  ICO  ml  (Fc-cal  col i form  counts  ere  preferred). 


2.3.1  a) 

2.3.2  pH 


Shellfish  -  Nationa 
standards  s  hr.  11  a  re 
70  total  col i forms 

-  shall  be  maintain 


1  Shellfish  Sanitation  Program  (NSSP) 
ly,  i.e.  shall  not  exceed  a  median  of 
(f  PM )  per  100  ml. 

cd  between  6.0  and  9.0 


pH  -  Marine  -  Mortal  range  of  pH  must  not  he  extended  at 
any  location  l.v  t  aro  chan  J_0.1  pH  unit.  At  no  time 
shall  the  pi!  bo  less  than  6.7  or  greater  than  8.5. 


2.3.3  Taste  and  Odor  Producing  Subs  Uncos  -  Mono  in  amounts  that 
will  interfere  .with  the  use  for  potable  water  supply  or 
will  render  any  undesirable,  taste  or  odor  to  edible  aquat¬ 
ic  life. 


Color  and  Turbidity 


a;  Cold  H 

'at err.  - 

10 

b. ebson 

b)  Harm  1. 

< — 

•s> 
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t;o 

v  yJ 

d.-.'.  fSJil 

0  Marino 
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-  cl 
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mi  nil 

of 

1  wrier 

Turbidity  units  (JTU) 
i'arhieiiy  units  (OTU) 

disc  shall  be  visible  at  a 
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-•'ixi  nq 


/.ones 


bo 


The  total  area 
mixing  zones  shall 
with  biologic:.! 
a  degree  which 
uses 


beneficial 


and/ cr  volume  of  a  receiving  stream  assigned  to 
limited  to  that  which  will:  (1)  not  interfere 

important  species  to 
(2)  not  diminish  other 


ccrmumtw.es  cr 
s  damaging  to  the 
di sprcoorti onately. 


godu i actons 
ecosystem; 


of 


4.  Zones  of  Pas race 


In  river  systems,  reservoirs,  lakes,  estuaries  and  coastal 
waters,  tones  of  passage  ere  continuous  water  routes  of  the  volume, 
nv'i:  and  gualitv  necessary  to  allow  passage  of  free-swimming  and 
di  i fling  organisms 


pc  gulafions. 
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no  more  than 

1/4  of 

cross 

th  no  significant  effects  produced  on  their 
These  zones  •  ast  be  provided  wherever  mixing  zones 


■  i !  o 


il tic  can  be  given  or,  the  percentage 


.,i  low  passe.'):.:  cr  crvctcal  tree-swan -!»i ny 
at  negligible  cr  no  effects  are  produced 
nuidci ine,  mixing  zones  should  be  limited 
-sectional  area  and/or  volume  of  flow  of 
estuary,  leaving  at  least  3/4  free  as  a  zone  of  passage. 


sit  cam  or 


All  methods  of  s nmole 
sis  u  s  ■?  d  i  n  a  i  >  ; .  1  y  i  n  q  a  n  y  c  f 
standards  shall  L_>  in  accord 
Methods  for  the  Examination 
Edition,  or  any  subsequent  e 
orocedu res. 


collection,  preservation,  ar.d  nnaly- 
tho  rules  and  regulations  in  these 
■with  those  prescribed  in  "Standard 
of  Water  and  Waste  Water,"  Thirteenth 
diticn  with  other  generally  accepted 


0 .  t tro am  FI ow 


The  water  quality 
din  ing  periods  when  flows 
da v  lew  flow  which  occurs 


tandards  shall  apply  at  all  ti'ves  except 
are  less  than  the  avenge  minimum  seven- 
onco  in  ten  years . 
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”.t  rect; mul  for  any  wastewater  must  be 
•act  effluent  limits  as  established 
r.  f  ‘  :nd. \a-nts  and  shall  not  cruse  the 
water  quality  contained  herein  to  be 
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A  RESOLUTION  to  interpret  and  quantify  certain  aspects 
Hater  Quality  Standards. 


of  the  Commission's 


WHEREAS,  certain  sections  of  the  Commission's  Water  Quality 
Standards  exp; ess  stream  quality  objectives  and  effluent  requirements  in 
general  ncn-quantitative  terms;  and 

_AS,  the  Commission  held  a  public  hearing  on  July  28,  1971  , 
on  a  propose r  Interpretive  Guide. Ine  ho.  I  to  be  used  in  aoministerir., 

1ts*  t!?t?r  Standards,  and  numerous  witnesses 

upuuf-in uo.ny  and  their  comments  and  views  have  been  considered  by 
the  CcmnvissTu..;  now  therefore  J 

3c.  IT  RESOLVcD  by  the  Delaware  River  Basin  Commission: 

,4  ••  Th?  following  numerical  definitions  shall  be  used  as  guida- 

tne  c°-™1ssion  staff  in  administering  sections  2-1. 2(1),  2-1. 3(1), 
2-1. 3\..')»  «od  d-l.j(4)  of  the  Water  Quality  Standards; 

A.  Stream  Quality  Objectives 

(1)  Limits. 

«»•  Toxic  substances. 


i)  The  concentration  of  a  toxic  substance  ir,  Basin  ! 
waters  shall  not  exceed  one- twentieth  o  the 
TL50  value  at  So  hours,  as  determined  by 
appropriate  bioassays,  except  in  mixing  areas 
that  may  be  designated  by  the  Commission. 

Criteria  for  combinations  of  toxic  substances 
will  be  based  upon  the  same  principle. 

ii)  The  substances  listed  below  shall  not  exceed 
the  specified  limits  or  one-twentieth  of  the 
IL5Q  value  at  96  hours,  whichever  is  lower. 


limit  mg/1 


Arsenic 

0.05 

Barium 

1.0 

Cadmium 

0.01 

Chromium  (hexavalent) 

0.05 

Lead 

0.05 

Mercury 

0.005 

Selenium 

0.01 

Si  Ivor 

0.05 

iii)  The  concentration  of  a  persistent  pesticiue 

in  Basin  waters  shall  not  exceed  one  or.e-hundrcdt 


T^T 


aJfP  do;jnad  as  natVral  and  synthetic  materials  having 


of  the  TL50  value  at  95  hours,  as  deter- 
.  "  mined  by  appropriate  bloassay. 

b.  01 U  No  readily  visible  oil. 

B .  Effluent  Quality  Reou iraments 

* 

(1)  Suspended  solids.  For  municipal  and  industrial  waste 
treatment  faciTi’ties,  at  least  90  percent  removal  as 
determined  by  an  average  of  samples  taken  over  each 

.  *  period  of  30  consecutive  days  of  the  year  and  not  to 
exceed  ICO  mg/1,  whichever  is  less. 

(2)  Public  safety. 

a.  Temperature.  Maximum  110°  F  where  readily  accessible 
to  human  contact. 

(3)  Limits. 

a.  Oil .  Not  to  exceed  10  mg/1;  no  readily  visible  oil. 

b.  Debris,  scum,  or  other  floating  materials.  None. 


c.  Toxicity. 

i)  Not  more  than  50  percent  mortality  in  96  hours 
in  an  appropriate  bioassay  test  with  a  1:1 
dilution.  Wastes  containing  chlorine  may  be 
dechlorinated  prior  to  the  bioassay  test. 

ii)  Notwithstanding  the  results  of  the  tests  pre¬ 
scribed  in  paragraph  (i)  above,  the  substances 
listed  below  being  accumulative  or  conservative, 
shall  not  exceed  the  following  specified  limits 
in  an  effluent: 


limit  mg /l 


Arsenic 

0.1 

Barium 

2.0 

Cadmium 

0.02 

Chromium  (hexavalent) 

0.10 

Copper 

0.20 

Lead 

0.10 

Mercury 

0.01 

Selenium 

0.02 

Zinc 

0.60 

stent  pesticides  -  not 

to  exceed  one 

one-hundredth  of  the  TL5Q  value  at  96  hours 
as  determined  by  appropriate  bioassay. 
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i)  The  former  INCODEL  Standards  which  were  saved 
from  repeal  by  Resolution  67-7  remain 
applicable;  that  is,  no  discharge  shall  exceed 
a  daily  averageof  50  mg/1  in  Zone  1  and  100  mg/1; 
in  Zone  2.  A  slight  deviation  may  be  permitted 
by  the  Commission  when  it  results  from! reduced 
secondary  treatment  plant  efficiency  caused  by 
wastewater  temperatures  below  59°  F  (1$°  C). 

ii)  In  Zones  2,  3,  4  and  5  a  waste  shall  receive 

not  less  than  zone  percent  reduction  in  addition 
to  meeting  allocation  requirements. 

2.  These  guidelines  will  be  administered  in  accordance  with  the 
procedures  contained  in  the  Commission's  Basin  Regulations  -  Water  Cuality 
adopted  March  7,  1968. 


Chai rman 


Secretary 


ADOPTED:  January  26,  1972 


NEW  JERSEY  STATE  uoi 


n. 


/.ENT  OF  HEALTH 
DIVISION  07  C  AN  •’ rE  AND  WATER 
WATER  POLLUTION  CONTROL  PROGRAM 


REGULATIONS  CON C KILN  TNG  TREATMENT.  01  .%7»SVEWATHRS,  DOMESTIC  AND  ^ INDUSTRIAL, 
SEPARATELY  OR  IN  COMBINATION,  DISCHARGED  INTO  THE  WATERS  OF  TH IQSUWARE^ 

RIVER  BASIN 


WHEPJ1AS,  the  State  Department  of  Health  is  charged  with  the  responsibility  xor  . 

V/ater  Pollution  Control  Prog ram,  including  the  approval  of  the  designs  ox 
wastewater  treatment  facilities,  in  the  State  ox  hew  uerae^,  and 

WHEREAS,  tho  State  Department  of  Health  did  promulgate  tho  rules  and  regulate  ns 

f  entitled  "Regulations  Establishing  Certain  Classif icationa  to  be  g,»oU 

to  tho  Waters  of  this  State  and  Standards  of  Quality  to  be  Maintained  in 
Waters  so  Classified,"  effective  September  1,  196U,  and  amended  a«ia 
rules  and  regulations  on  January  $,  1966  and  March  6,  196?  *  and 

WHEREAS,  the  State  Department  of  Health  diu  promulgate  regulations  entitlod 
"Regulations  Concerning  Classification  of  tho  Surface  Waters  of  tno 
Delaware  River  Basin,  Being  Waters  of  the  State  of  New  Jersey," 
effective  July  28,  1967,  and 

WHEREAS,  the  State  Department  of  Health  is  of  the  opinion  that  the  attainment  and 
maintenance  of  water  quality  in  the  Delaware  River  Basin  as  specixEed  by 
the  af ore said  regulations  of  the  Department  is  necessary  in  order  to 
abate  a  prosent  threat  to  the  public  health,  comfort  or  property  ol 
citizens  of  this  State. 

NOW,  THEREFORE,  the  State  Department  of  Health  promulgates  the  following  regula¬ 
tions  entitled  "Regulations  Concerning  Treatment  of  Wastewaters,  Domestic 
and  Industrial,  Separately  or  in  Combination,  Discharged  into  the  Waters 


of  the  Delaware  River  Basin, 


NEW  JERSEY  STATE  DEPARTMENT  OF  HEALTH 
- "7 


'CM  ^  - 

Roocoe  P.  Kan die ,  M.D, 

State  Commissioner  of  Health 


Filed  with  Secretary  of  Stater  October  17,  1967 
Effective  Dates  November  17,  1967 
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NEW  JERSHf  STATE  :?PARTKENT  OF  HEALTH 
DIVISION  Cl-’  CLEAN  AIR  AND  WATER 
WATER  POLLUTION  CONTROL  PROGRAM 


nprirr  ATTfiNS  CONG  MINING  TREATMENT  OF  WASTEWATERS,  DOMESTIC  AND  INDUSTRIAL, 
SS 'OR  W  COMI^N^IGO^^^^Tb  THE  WATERS  OF  T^_DEUW^ 


BEING  WATERS  OF  TnE 


OF  NEW  JERSET 


0 


Pursuant  to  the  authority  vested  in  it  under  the  provisions  of  Chapter  12,  Titlo  ?o 
of  the  Revised  Statutes,  the  State  Department  of  Health  hereby  prolate b  ^ 
following  rceulatlona  concerning  treatment  ol  vastGwatore,  domestic  un  no 
separately  or  in  combination,  discharged  into  the  waters  of  the  Delaware  Rivox 

I„  Henceforth,  domestic  wastes,  separately  or  in  combination  with  industiiux 
va3t«n,  p-ior  to  discharge  into  waters  of  the  Delaware  River  Basin  clat-si- 
field  as  FA -2,  FW-3,  TW-1  arid  TW-2,  shall  be  treated  to  a  degree  proven,.;, 
ar,  a  minimum,  ninety  percent  (?<&)  of  reduction  of  biochemical  oxygen  aew-ia 
at  all  times  including  any  four-hour  period  of  a  day  when  tne  strung,. a  m 
-the  wastes  to  be  treated  might  be  expected  to  exceed  avorago  conditions;  xt 
io  an  objective  of  this  regulation  that  the  biochemical  oxygon  demar.o  o, 
effluents  discharged  shall  not  exceed  twenty-five  (25)  parts  per  million. 


II.  Henceforth,  industrial  wastes,  prior  to  discharge  into  waters  of  the.  ^ 
Delaware  River  Basin,  classified  as  FW-2,  FW-3,  TW-1  and  TW-2,  shaxi  oo 
treated  to  a  degree  providing,  as  a  minimum,  ninety  percent  (90% )  of 
reduction  of  biochemical  oxygon  demand  at  ail  times  and  such  further 
reduction  of  biochemical  oxygen  demand  as  may  be  necessary  to  maintain 
the  receiving  waters,  after  reasonable  effluent  dispersion,  as  specified 
in  the  regulations  entitled  "Regulations  Concerning  Classification  oi  too 
Surface  Waters  of  the  Delaware  River  Basin,  Being  Waters  of  tho  State  ci 
Now  Jersey,"  effective  July  23,  1967?  it  is  an  objective-  of  this  regula¬ 
tion  that  the  biochemical  oxygen  demand  of  effluents  discharged  sha^l  not 
exceed  twenty-five  (25)  parts  per  million* 


III.  Henceforth,  domostic  wastes,  separately  or  in  combination  with  industrial 
wast-eo,  pi*ior  to  discharge  inuo  tho  waters  of  tne  "main  stem"  of  the 
Delaware  River  shall  bo  treated  to  n  degree  providing  for  conformity  v/itn 
"Water  Quality  Standards  for  the  Delaware  River  Basin"  as  adopted  by  tm» 
Delswai'e  River  Basin  Commission  on  April  26,  1967  by  its  Resolution  No. 
it  is  an  objective  of  this  regulation  that  the  biochemical  oxygen  human  .  o. 
effluonts  discharged  shall  confom  to  all  regulations  of  the  Delaware  •'ivor 
Basin  Commiarion  especially  in  relation  to  allocations  of  oiocnemica*  oxygon 
demand  loadings* 

IV.  Henceforth,  industrial  wastes  prior  to  discharge  into  waters  of  the  "main 
stem'1  of  tho  Delaware  River  Basin  shall  bo  treated  to  a  degree  providing 
for  conformity  with  "Water  Quality  Standard®  for  the  Delaware  River  Basin" 
as  adopted  by  tho  Delaware  River  Basin  Commission  on  April  26,  1967  by  its 
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V. 


VI. 


Resolution  *0.  67-7;  it  $8  “  charged  shell  conform  to  «U 

biochemical  oxygen  BalloLission  especially  in  rela¬ 

tion  to'illlocation  of  biochemical  oxygen  demand  loaolnc 

It  is  recognized,  especially  in  connection  with 

th-t  tho  pollution  load  imposed  upon  the  -waters  of  the  das in  cm  . 

evaluated  fully  exclusively  by  the  ciochomical  individually 

therefore,  each  industrial  waste  problem  shall  bo  c^alde;  UlH 

'  and  treatment  shall  be  required  as  needed  to  effect  comply , ^ 
Water  Quality  Standards  eatebxishea  fo.  the  var 
vaters  in  the  Basin# 

Treatment  standards  sot  by  those  regulations  nre  tho  minimum  acceptable 
r„  +hA  Delaware  River  Basin.  Treatment  more  intensive  than  tn«t 
specified” hereinabove  shall  bo  provided  whenever  it  is  determined  by 
the  State  Department  of  Health  that  such  treatment  is  necessary. 


Filqd  with  Secretary  of  State?  October  17 >  1^67 
Effective  Date:  November  17*  1967 
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I .  INTRODUCTION 


South  Run  is  the  receiving  stream  for  the  effluents  of  both  Ft  Dix 
and  McGuire  AFB  sewage  treatment  plants.  South  Run  originates  on  the 
Ft  Dix  reservation  and  flows  about  5.5  miles  to  a  confluence  with 
Crosswicks  Creek.  North  Run,  South  Run  and  Jumping  Brook  are  the 
tributaries  which  form  the  headwaters  of  Crosswicks  Creek.  These 
tributaries  originate  in  Burlington  and  Ocean  Counties  and  flow  north 
through  Monmouth  County  and  then  west  to  the  Delaware  River  at  Trenton 
forming  the  northern  boundry  for  Burlington  County.  Crosswicks  Creek 
flows  about  24  miles,  mostly  through  Coll ington-Freehold  type  soils, 
which  are  acid,  well -drained,  sandy-1 oam  soils  with  overlaying  hardwood 
vegetation.  Jumping  Brook  drains  an  area  of  bogs  and  pitch  pine  and 
the  waters  are  strongly  acid,  red-brown  in  color  (humic  acids),  and  zero 
alkalinity.  The  topography  of  the  area  is  flat  to  undulating  and  ranges 
from  50  to  150  feet  above  sea  level. 

II.  GENERAL 

The  stream  survey  was  limited  to  that  part  of  Crosswicks  Creek  from 
the  headwaters  to  a  point  ten  miles  downstream.  Data  were  collected  on 
a  preliminary  survey  in  April  1972  and  during  the  main  field  survey  period 
between  10  and  26  September  1972.  Preliminary  data  summaries  were  provided 
in  November  1972  to  all  interested  parties.  The  stream  survey  was  initiated 
to  gather  basic  physical,  chemical  and  biological  data  on  the  stream  to: 
evaluate  the  effects  of  Fort  Dix  and  McGuire  AFB  wastewater  discharges  on 
the  stream;  compile  standards  for  future  Fort  Dix  and  McGuire  AFB  waste- 
water  discharges;  establish  base  line  data  for  comparison  with  any  future 
surveys;  and,  to  evaluate  the  impact  on  the  stream  if  wastewater  discharges 
should  cease. 

III.  SAMPLING  STATION  LOCATIONS 

Eight  primary  sampling  stations  were  selected.  Station  1  on  Jumping 
Brook  was  a  control  for  the  brown,  acid  waters.  Stations  2,  3  and  4  were 
located  on  South  Run;  Station  7  was  on  North  Run;  Stations  5,  6  and  8 
were  on  Crosswicks  Creek.  The  stations  were  located  from  above  the  Ft 
Dix  sewage  treatment  plant  outfall  to  0.5  miles  below  New  Egypt.  The 
location  of  each  station  is  shown  in  Figure  G-l.  The  tributaries  to 
Crosswicks  Creek  are  narrow,  shallow  and  fast  flowing.  The  reach  from 
Station  5  to  Station  8  includes  a  stretch  of  sluggish,  deeper  stream  and 
a  broad,  shallow  area  called  Oakford  Lake.  Figure  G-2  contains  cross- 
sections  of  the  streams  at  the  eight  sampling  stations. 

IV.  PHYSICAL  AND  CHEMICAL  CHARACTERISTICS 

Automatic  composite  daily  samples  were  collected  at  each  station  for 
seven  days  (12-18  September)  and  grab  samples  were  collected  for  four  days 
(19-22  September).  Exceptions  were  due  to  equipment  malfunctioning  at 
which  time  grab  samples  were  substituted  for  composites.  After  reviewing 
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Figure  G-2.  Cross-Sections  of  Stream  Sampling  Stations,  Fort  Dix 
and  McGuire  AFB  NJ,  September  1972 
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the  results,  the  grab  sample  results  were  noted  to  be  similar  to  the 
composite  sample  results  and  consequently  all  results  were  treated  as 
composites  for  data  summaries.  All  analytical  results  for  day  9 
(September  19)  were  discarded  from  data  summaries  because  heavy  rainfall 
and  flooding  corrupted  all  samples.  Appendix  C  contains  stream  water 
sampling  data  and  statistical  evaluations.  Table  G-l  is  a  summary  of 
chemical  analyses  Data. 

A.  FLOW  MEASUREMENTS 

A  U.S.  Geological  Survey  (USGS)  gauging  station  is  located  on 
Crosswicks  Creek  at  Extonville  NJ  (Lt.  400  08'  15",  Long.  74°  36'  02", 
just  upstream  from  highway  bridge  on  Extonville  Road).  The  drainage  area 
for  this  station  is  83.6  square  miles.  The  drainage  area  for  South  Run 
in  the  vicinity  of  the  Ft  Dix/MAFB  main  cantonement  areas  is  estimated^ 
to  be  5.3  square  miles.  The  ratio  of  these  two  drainage  areas  is  0.0634. 

1.  Historical  Data.  The  natural  flow  in  South  Run  in  the 

Ft  Dix/MAFB  vicinity  may  be  estimated  by  multiplying  the  ratio  of  the. 
South  Run  drainage  area  (5.3  sq  mi)  to  the  total  Crosswicks  Creek  drainage 
area  (83.6  sq  mi)  by  the  gauged  flow  measurements  at  Extonville.  d)  Using 
this  method  with  USGS  flow  data,  two  frequency  curves  for  the  natural 
flow  in  South  Run  were  generated.  Figure  G-3  is  an  average  daily  flow 
duration  curve,  and  Figure  G-4  is  a  consecutive  day  low  flow  frequency 
curve.  Table  G-2  contains  a  summary  of  7-consecutive-day  low  flows  at 
Extonville  for  various  recurrence  intervals.  Worthy  of  note  is  the 
10-year,  7-day  low  flow  estimate  for  South  Run,  0.915  MGD. 

2.  Field  Survey  Stream  Flow  Measurements.  During  the  September 
field  survey  stream  flow  measurements  were  ma’de  using  a  velocity  >■  area 
method.  Figure  G-5  is  a  graph  of  the  mean  daily  flow  measurements 
obtained  during  the  course  of  the  field  survey  for  each  stream  station. 

The  increased  flows  noted  beginning  on  the  afternoon  of  18  September 
resulted  from  intense  rainfall  (1.32  inches  in  30-hour  period  18  arid  19 
Sep).  Table  G-3  contains  the  mean  daily  flow  for  each  stream  station  for 
the  dry  (no  precipitation)  period  of  the  field  survey.  Included  in  this 
tabulation  are  the  estimated  volumes  of  stream  flow  unaccounted  for  by 
actual  stream  measurements.  The  total  of  unaccounted  for  discharges  to 
the  receiving  waters  was  approximtely  3.75  MGD.  In  general,  these 
unmeasured  discharges  may  be  attributed  to  natural  surface  drainage  from 
low-lying  areas  and  from  ground  water  flow  to  the  surface  water  courses. 

B.  TEMPERATURE 

The  shallow  waters  of  the  receiving  streams  are  directly  affected 
by  changes  in  atmospheric  temperatures.  Table  G-4  lists  selected  tempera¬ 
ture  measurements  of  the  receiving  waters  for  the  field  survey.  Very 
little  change  in  stream  water  temperature  due  to  STP  effluents  was 
measured  during  the  survey,  however,  some  temperature  differences  may 
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Table  G-2.  USGS  Flow  Measurements  at  Extonville  NJ 
and  South  Run 


Recurrence 

Interval 

(years) 

7-Consecut.i ve  Day  Low  Flow  (MGD) 

At  Extonville 

In  South  Run 

20 

12.8 

0.819 

10 

14.3 

0.915 

5 

16.4 

1.049 

2 

21.2 

1.356 

1.01 

42.9 

2.745 
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Figure  G-5.  Mean  Dai;ly  Flow  Measurements  at  Sampling  Stations  on 
South  Run,  North  Run  and  Crosswicks  Creek  -  Ft  Dix/ 
McGuire  AFB  Field  Survey,  September  1972 
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Table  G-3. 


Mean  Daily  Flow  -  South  Run,  North  Run 
Crosswicks  Creek  -  Ft  Dix/McGuire  AFB 
Field  Survey,  September  1972 
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Table  G-4.  Selected  Water  Temperature  Measurements, 

Crosswicks  Creek,  Ft  Dix  and  McGuire  AFB  NJ , 
September  1972 


Day 

(Sept 

;ember) 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Mean  Daily 

Air  Temperature 

19.5 

23 

24.7 

20.5 

21.7 

26.5 

24.5 

21.4 

15.7 

16.4 

18.9 

13.5 

Station 

Water  Temperature, 

C 

1 

21 

20.5 

20.5 

21.5 

23 

22.5 

- 

19 

2 

1&5 

20.5 

18 

18 

20.5 

21 

21 

- 

17 

3 

21 

- 

17.5 

17 

21 

22 

22 

- 

17 

- 

15 

4 

21.5 

21 

19 

21 

21.5 

- 

- 

19 

- 

15 

5 

21.5 

19.5 

18 

21 

22 

22 

- 

18 

- 

15 

5 

21.5 

- 

18 

21 

18 

22 

- 

13.5 

15 

7 

18.5 

- 

16.5 

19.5 

17 

21 

- 

16 

- 

14 

8 

17 

20 

- 

18 

20.5 

18 

22 

- 

- 

- 

14 

*All  water  temperatures  measured  at  0800. 


result  in  winter  months  when  STP  effluents  may  be  warmer  than  the 
receiving  waters.  The  temperatures  in  Jumping  Brook  were  generally  a 
few  degrees  warmer  than  other  waters.  This  phenomena  probably  resulted 
from  warmer  waters  in  Brindle  Lake  being  the  source  of  flow  for  Jumping 
Brook. 


C.  pH 

The  pH  measurements  at  the  stream  stations  are  summarized  in 
Table  6-5.  The  selected  control  on  Jumping  Brook  (S-l)  was  atypical 
with  a  mean  pH  of  4.1.  The  pH  of  South  Run  and  North  Run  was  usually 
within  the  6.7  to  7.0  range.  Crosswicks  Creek  waters  had  a  pH  of  6.8 
to  7.1  and  reflected  the  influence  of  the  North  Run  and  South  Run 
discharges  more  than  the  low  pH  input  of  Jumping  Brook. 

D.  DISSOLVED  OXYGEN  AND  OXYGEN  DEMANDS 
1.  Field  Survey  Analysis 

New  Jersey  Water  Quality  Standards  for  the  Crosswicks  Creek 
watershed  state  the  Dissolved  Oxygen  (DO)  will  not  be  less  than  5.0  mg/1 
on  a  daily  average  and  never  less  than  4.0  mg/1  at  any  time.  Dissolved 
oxygen  was  monitored  with  continuous-recording  DO  equipment  and  with 
portable  DO  meters  for  the  ten-day  field  survey  period  in  South  Run, 
North  Run,  Jumping  Brook  and  Crosswicks  Creek.  The  DO  measurements  for 
the  survey  period  are  listed  in  Tables  G-6  to  G-13  by  station.  The  DO’s 
were  rather  constant  and  high  for  the  survey  period  in  North  Run  and 
Jumping  Brook.  State  DO  requirements  were  met  in  South  Run  except  for 
two  days  when  the  mean  daily  DO  was  below  5  mg/1  and  hourly  measurements 
revealed  DO  at  less  than  4.0  mg/1.  Low  dissolved  oxygen  conditions 
existed  at  Stations  6  and  8  in  Crosswicks  Creek  much  of  the  time  in 
violation  of  state  law.  The  State  DO  criteria  were  violated  all  of  the 
time  at  Station  S-6.  An  insopleth  of  dissolved  oxygen  concentrations  is 
presented  in  Figure  G-6.  Mean  hourly  DO  data  was  utilized  for  this 
isopleth.  The  critical  DO  problems  at  Station  S-6  are  obvious  in  this 
plot  of  data. 


a.  Daily  DO  Fluctuations 

Figure  G-7  presents  typical  24-hour  DO  fluctuations  at 
all  stream  sampling  stations  (17  Sep  was  the  day  chosen  for  comparison; 
S-8  was  22  Sep).  No  diurnal/nocturnal  DO  fluctuations  were  observed  at 
Stations  1,  7,  6  and  8.  Diurnal  increases/noctural  decreases  in  DO  were 
observed  at  Stations  2,  3,  4  and  5  with  the  peak  DO  shifting  to  later  in 
the  afternoon  with  distance  downstream.  The  diurnal  dissolved  oxygen 
increases  are  a  result  of  photosynthesis  by  algal  cells  in  the  stream. 
These  algal  cells  probably  originate  in  the  golf  course  ponds  on  the 
upper  reaches  of  South  Run  and  from  sloughing-off  the  trickling  filters 
of  both  sewage  plants.  The  algae  populations  found  in  the  plankton 
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Table  G-5.  Summary  of  pH  Measurements  at  Stream  Stations,  Crosswicks 
Creek,  Ft  Dix  and  McGuire  AFB  NJ,  September  1972* 


24  hour  period. 
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Table  G-6.  Dissolved  Oxygen  Data  (mg/1)  by  Two-Hour  Interval  for 
Sample  Station  S-l,  Jumping  Brook,  Ft  Dix/MAFB  NJ 


Table  G-7.  Dissolved  Oxygen  Data  (mg/1)  by  Two-Hour  Interval  for 
_ _ Sample  Station  S-2,  South  Run,  Ft  Dix/MAFB  NJ»  Sep  1972 


Date 

(Sep) 

Dissolved  . 

Oxygen  (mg/1) 

Mean' 

DO  by 
Hour 

12 

13 

14 

15 

16^ 

17 

18 

19 

20 

2l 

Time 

0200 

5.3 

4.7 

4.6 

6.2 

5.2 

5.2 

0400 

5.4 

5.0 

4.3 

5.0 

5.8 

5.1 

0600 

5.4 

4.8 

4.5 

4.9 

5.3 

5.0 

0800 

5.0 

5.4 

5.0 

5.3 

5.2 

1000 

6.7 

6.7 

6.9 

6.1 

6.1 

6.5 

1200 

4.8 

8.3 

7.9 

8.5 

7.6 

5.8 

7.2 

1400 

8.6 

7.5 

8.9 

8.6 

5.9 

7.9 

1600 

8.3 

7.7 

8.7 

7.3 

8.0 

1800 

7.6 

7.5 

6.7 

7.8 

5.9 

7.1 

2000 

5.9 

5.4 

5.4 

7.1 

5.1 

5.8 

2200 

5.0 

5.1 

4.4 

6.6 

4.9 

5.2 

2400 

5.3 

5.0 

4.6 

6.5 

5.0 

5.3 

24-hr 

mean 

L 

6.0 

6.5 

5.9 

6.7 

6.0 

5.6 

G-20 


Table  G-8.  Dissolved  Oxygen  Data  (mg/1)  by  Two-Hour  Interval  for 


Sample  Station  S-3,  South  Run,  Ft  Dix/MAFB  NJ,  Sep  1972 


Date 

Dissolved  Oxyg 

len  (mg/1) 

Mean 
DO  by 
hour 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Time 

0200 

3.6 

4.6 

3.2 

5.6 

4.2 

5.0 

6.6 

5.4 

6.6 

4.8 

0400 

3.6 

4.4 

2.7 

5.6 

4.8 

5.2 

5.2 

5.8 

4.5 

0600 

4.6 

4.2 

2.7 

5.1 

4.7 

5.3 

5.3 

5.6 

4.5 

0800 

11. 

5.2 

6.1 

6.0 

5.8 

6.0 

6.8 

6.6 

6.0 

6.6 

1000 

13. 

7.2 

15. 

9.4 

5.8 

6.6 

6.2 

9.0 

1200 

5.1 

8.9 

13. 

7.6 

6.0 

6.6 

6.3 

7.1 

1400 

5.1 

8.2 

13. 

14. 

7.6 

6.2 

6.9 

6.2 

3.4 

1600 

5.1 

5.4 

20. 

12. 

6.1 

5.9 

6.9 

7.0 

5.8 

8.2 

1800 

4.1 

7.8 

4.7 

8.1 

6.7 

5.9 

5.6 

6.5 

6.6 

5.2 

6.1 

2000 

4.4 

6.3 

4.2 

6.1 

3.8 

4.8 

5.4 

5.9 

6.2 

4.5 

5.2 

2200 

3.9 

6.1 

4.0 

5.6 

4.1 

4.7 

5.3 

6.1 

6.3 

4.0 

5.0 

2400 

3.6 

5.4 

4.0 

5.6 

4.0 

5.0 

6.9 

5.8 

6.2 

3.6 

5.0 

24-hr 

mean 

4.5 

5.3 

6.4 

6.9 

8.0 

5.9 

5.7 

6.5 

6.3 

5.5 

Table  G-9.  Dissolved  Oxygen  Data  (mg/1)  by  Two-Hour  Interval  for 


Sample  Station  S-4,  South  Run,  Ft  Dix/MAFB  NJ,  Sep  1972 


Date 

lliiL 

Dissolved  Oxygen 

(mg/i 

J 

Mean 
DO  by 
hour 

12 

13 

14 

15 

16 

17 

18 

119 

20 

21 

22 

23 

Time 

0200 

1.7 

5.0 

4.9 

4.8 

5.7 

7.2 

6.8 

5.2 

0400 

1.4 

4.8 

5.1 

4.8 

5.7 

7.1 

6.5 

5.1 

0600 

1.2 

4.8 

4.8 

5.2 

7.0 

6.4 

5.0 

0800 

5.2 

5.9 

5.2 

5.7 

5.6 

5.2 

7.2 

5.9 

6.5 

5.8 

1000 

6.9 

7.2 

6.5 

8.3 

9.1 

5.2 

7.3 

6.0 

7.1 

1200 

6.4 

7.9 

6.5 

10. 

11. 

5.2 

6.8 

7.5 

7.7 

1400 

5.2 

7.5 

7.7 

11. 

11. 

5.7 

7.2 

7.1 

7.5 

7.8 

1600 

3.1 

7.5 

7.6 

7.5 

11. 

9.1 

5.2 

7.8 

6.7 

7.0 

7.2 

1800 

2.6 

6.4 

7.6 

6.9 

9.2 

6.8 

4.4 

7.7 

6.0 

6.9 

6.4 

2000 

2.1 

5.9 

6.9 

5.2 

6.8 

5.5 

3.4 

7.7 

6.0 

7.0 

5.6 

2200 

1.9 

5.6 

6.5 

4.7 

5.7 

3.2 

7.6 

5.8 

6.9 

5.3 

2400 

1.9 

5.3 

6.0 

4.8 

5.4 

3.0 

7.4 

6.8 

5.1 

24-hr 

mean 

3.1 

5.1 

6.5 

5.9 

7.3 

7.5 

4.5 

7.6 

6.7 

6.8 

6.6 

G-21 


Table  G-30.  Dissolved  Oxygen  Data  (mg/1)  by  Two-Hour  Interval  for 


Sample  Station  S-5,  Crosswicks  Creek,  Ft  Dix/MAFB  NJ, 
September  1972 _ • 


Date 

(Sep) 

Dissol vec 

Oxygen  (mg/1) 

Mean 
DO  by 
hour 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Time 

0200 

6.0 

5.4 

4.5 

4.5 

5.1 

0400 

6.0 

5.3 

4.4 

4.6 

3.1 

4.7 

0600 

5.9 

4.0 

4.4 

4.0 

2.9 

4.2 

0800 

5.8 

4.4 

4.6 

4.4 

4.2 

3.4 

4.5 

1000 

6.5 

4.9 

5.1 

4.0 

5.6 

3.4 

4.9 

1200 

8.8 

5.9 

6.0 

5.3 

6.4 

3.7 

6.0 

1400 

8.2 

7.8 

8.8 

6.9 

6.8 

4.3 

7.1 

1600 

5.6 

8.2 

5.8 

8.8 

6.7 

4.3 

6.6 

1800 

6.9 

8.7 

7.7 

5.3 

5.7 

5.0 

6.6 

2000 

7.3 

6.7 

6.3 

4.8 

4.5 

5.2 

5.8 

2200 

6.5 

6.2 

5.6 

4.3 

3.7 

5.3 

2400 

6.2 

5.6 

4.9 

4.4 

3.2 

4.9 

24-hr 

mean 

7.2 

6.2 

6.1 

5.0 

5.0 

4.0 

Table  G-ll.  Dissolved  Oxygen  Data  (mg/1)  by  Two-Hour  Interval  for 


Sample  Station  S-6,  Crosswicks  Creek,  Ft  Dix/MAFB  NJ, 
September  1972 _ 


Date 

(SeiL 

Dissol vec 

Oxygen  (mg/1 ) 

Mean 

DO  by 
hour 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Time 

0200 

2.7 

3.0 

2.4 

2.6 

2.7 

0400 

2.8 

2.9 

2.5 

2.6 

2.7 

0600 

2.8 

2.9 

2.5 

1.9 

2.5 

0800 

2.6 

2.8 

2.9 

2.6 

2.7 

2.7 

1000 

2.7 

2.7 

2.8 

2.6 

2.4 

2.6 

1200 

2.9 

2.9 

2.6 

2.6 

2.1 

2.6 

1400 

3.4 

3.2 

2.6 

3.0 

2.2 

2.9 

1600 

3.6 

3.4 

2.8 

3.2 

2.5 

3.1 

1800 

4.1 

3.6 

2.8 

3.4 

2.8 

3.3 

2000 

3.5 

3.4 

2.9 

3.2 

3.2 

2200 

3.4 

3.3 

2.5 

2.9 

3.0 

2400 

3.2 

3.1 

2.4 

2.9 

2.9 

24-hr" 

mean 

3.3 

3.1  . 

2.8 

2.8 

2.4 

6-22 


Table  G-12.  Dissolved  Oxygen  Data  (mg/1)  by  Two-Hour  Interval  for 


Sample  Station  $-7,  North  Run,  Ft  Dix/MAFB  NJ,  Sep  1972 


Date 

IsshL 

Dissolved  Oxyge 

n  (mq/l 

) 

Mean 

DO  by 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

hour 

Time 

0200 

7.1 

7.2 

6.6 

7.2 

6.9 

7.0 

0400 

7.1 

7.2 

6.6 

7.1 

6.8 

7.0 

0600 

7.1 

7.2 

6.6 

7.3 

7.0 

7.0 

0800 

6.9 

8.2 

7.3 

7.2 

7.1 

7.3 

1000 

7.5 

7.5 

7.4 

6.6 

7.2 

1200 

8.2 

8.6 

7.7 

7.3 

7.5 

7.5 

7.6 

1400 

8.4 

8.3 

7.4 

7.0 

7.7 

7.5 

7.7 

1600 

8.6 

8.1 

6.9 

6.9 

7.5 

7.6 

1800 

7.1 

7.8 

6.9 

7.0 

7.4 

7.2 

2000 

7.1 

7.7 

6.9 

6.8 

7.4 

7.2 

2200 

7.1 

7.5 

6.7 

6.9 

6.7 

7.0 

2400 

7.1 

7.4 

6.6 

7.1 

6.7 

7.0 

24-hr 

mean 

7.7 

7.6 

7.2 

7.1 

7.1 

7.2 

6.9 

Table  G-13.  Dissolved  Oxygen  Data  (mg/1)  by  Two-Hour  Interval  for 


Sample  Station  S-8,  Crosswicks  Cr. ,  Ft  Dix/MAFB  NJ,  S ep  72 


Date 

Dissolvei; 

Oxygen  (mg/1) 

Mean 

DO  by 

(Sep) 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

hour 

Time 

0200 

4.5 

4.0 

4.7 

4.3 

3.9 

4.3 

0400 

4.2 

3.9 

4.4 

4.0 

3.7 

4.0 

0600 

4.5 

4.0 

4.5 

4.5 

3.7 

4.2 

0800 

4.7 

3.2 

3.6 

3.7 

3.4 

3.2 

4.2 

6.8 

4.6 

4.2 

4.2 

1000 

4.7 

4.2 

6.3 

4.9 

5.0 

1200 

4.8 

4.6 

5.9 

4.8 

5.0 

1400 

4.8 

4.6 

5.4 

3.9 

4.7 

1600 

5.0 

4.5 

5.2 

3.9 

4.6 

1800 

5.2 

4.4 

6.1 

5.4 

3.4 

4.9 

2000 

4.9 

4.4 

5.6 

4.8 

4.9 

2200 

4.6 

4.4 

5.4 

4.5 

4.2 

4.6 

2400 

4.6 

4.2 

4.9 

4.2 

4.0 

4.4 

24-hr 

mean 

4.8 

4.5 

4.0 

5.6 

4.4 

5.4 

4.2 

3.9 
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Figure  G-7.  Typical  24-Hour  Dissolved  Oxygen  Fluctuations  at  the 

Stream  Survey  Stations,  Ft  Dix/McGuire  AFB  NJ,  Sep  1972 
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determinations  do  not  fully  explain  the  phenomenon.  Stream  Stations 
S-7,  S-2,  S-4  and  S-5  were  found  to  have  higher  algae  concentrations. 
The  reaeration  of  North  Run  was  likely  great  enough  to  overshadow 
algal  influence  on  dissolved  oxygen.  The  algal  populations  on  the 
trickling  filters  at  Ft  Dix  and  McGuire  STP's  likely  increased  the 
diurnal  dissolved  oxygen  concentrations  in  the  effluents  and  in  the 
stream. 


b .  Oxygen  Demand  in  the  Receiving  Waters 

Figure  G-8  presents  the  mean  daily  dissolved  oxygen, 
BOD5,  and  COD  by  stream  station  and  the  UOD  of  one  grab  sample.  The 
BOD5,  UOD  and  COD  concentrations  are  all  elevated  in  the  stream  as  a 
result  of  the  sewage  plant  effluents.  The  BODp  loading  on  the  stream 
increased  from  11  pounds  per  day  in  South  Run  (S-2)  to  580  pounds  below 
Ft  Dix  (S-3)  and  800  pounds  per  day  below  McGuire  (S-4).  Known  BOD5 
loadings  in  addition  to  the  STP's  include  North  Run  (S-7),  77  pounds  per 
day,  and  Jumping  Brook  (S-l)  at  150  pounds  per  day.  The  oxygen  demand 
in  Crosswicks  Creek  would  be  expected  to  decrease  downstream  as  normal 
biological  activity  satisfied  this  demand.  However,  additional 
unidentified  flows  increased  the  volume  of  Crosswicks  Creek  and  these 
flows  add  more  BOD5  to  the  stream  resulting  in  a  measured  1,116  pounds 
of  BOD5  per  day  at  Station  S-8  in  Crosswicks  Creek.  This  data  is 
consistent  with  the  decreasing  dissolved  oxygen  in  the  stream.  Figure 
G-9  presents  the  ultimate  oxygen  demand  analyses  of  morning  grab  samples 
from  the  receiving  waters  on  21  Sep.  The  control  stations  (S-l  and  S-2) 
and  North  Run  (S-7)  had  low  oxygen  demanding  properties.  The  two  sewage 
plants  add  a  heavy  oxygen  demand  to  the  stream  which  impacts  on  the 
dissolved  oxygen.  The  UOD  had  been  mostly  satisfied  after  2%  days  of 
water  travel  (S-8),  but  the  DO  of  the  stream  was  still  depressed  at 
this  point. 


2.  Theoretical  Modeling  of  Dissolved  Oxygen 

a.  Background:  In  the  past,  pollution  of  surface  waters 
was  thought  of  only  in  terms  of  the  dissolved  oxygen  (DO)  in  the  waters. 

The  assimilative  capacity  of  a  stream  was,  and  to  some  extent  still  is, 
considered  to  be  its  ability  to  absorb  certain  concentrations  of  oxygen 
demanding  materials  without  the  DO  being  depleted  below  a  specified  level. 

A  much  broader  concept  of  stream  pollution  has  been  evolving  in  recent 
years,  with  serious  considerations  to  its  effects  and  causes.  Despite 
these  broader  concepts,  the  DO  in  a  stream  still  holds  much  fascination, 
perhaps  rightfully  so,  to  the  ecologist  concerned  with  the  evaluation  of 
surface  waterways. 

b.  Formulation  of  Oxygen  Sag  Curve:  Most  sanitary  engineering 
texts(^>3»4,j)  present  basic  formulations  of  the  classical  oxygen  sag  curve 
equation.  The  development  of  this  equation  and  its  application  dates  back 
to  1925  and  has  been  credited  to  Streeter  and  Phelps. (b»7, 8)  Following 
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Figure  G-8.  Mean  Daily  Dissolved  Oxygen  (DO),  BODg,  and  COD 

Concentrations,  and  UOD  Concentration  From  One  Grab 
Sample  at  Stream  Sampling  Stations,  Ft  Dix/MAFB  NO 
Field  Survey,  September  1972 
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is  the  "Streeter-Phelps"  equation  (limitations  on  the  use  of  this 
formulation  are  presented  by  Fair,  et  al)5 

I)  =  (e-Kl*  -  e-^t)  +  noe-K2t 


Where 

D  =  Oxygen  deficit  in  time  t,  mg/1 
D0  =  Initial  oxygen  deficit  at  point  of  discharge,  mg/1 
L0  =  Initial  concentration  of  the  organic  matter  in  the  stream 
(ultimate  20  day  BOD  in  mg/1) 

Ki  =  Coefficient  of  deoxygenation  (per  day) 

K2  =  Coefficient  of  stream  reaeration  (per  day) 
t  =  Time  of  water  travel,  days 

The  interplay  of  the  deoxygenation  of  polluted  waters  and  their  reaeration 
from  the  atmosphere  creates  a  spoon-shaped  profile  of  the  DO  deficit  along 
the  path  of  the  water  movement.  Figure  G-10  presents  the  classical  DO  sag 
curve  and  its  components. 
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(1)  Deoxygenation-  Coefficient:  The  deoxygenation 
coefficient  is  not  a  constant  value"  but  vanes  with  the  particular  waste 
under  study.  Typical  values  for  Kj  are  presented  below: 

Kj  (per  day) 

Secondary  Effluent  0.05  -  0.23 
Strong  Wastewater  0.39 
Weak  Wastewater  0.35 

The  values  of  Ki  may  be  estimated  by  a  time  series  of  BOD  determinations. 

A  number  of  methods  have  been  developed  to  determine  the  value  of  Ki  from 
experimental  field  data.  Two  such  methods  reported  in  the  literature  are: 
the  "method  of  moments"  by  Moore'  et  al ,  and  the  "graphical  method"  by 
Thomas. (Jd)  The  variation  of  Ki  with  temperature  can  be  formulated  in 
accordance  with  the  van't  Hoff -Arrhenius  equation,  (theta  =  1.047) (5) 

(2)  Coefficient  of  Stream  Reaeration:  The  value  of  K2 
varies  with  the  water  surface  exposure,’  the'  volume  of  water,  the  rate  of 
vertical  and  horizontal  mixing  and  temperature.  Two  literature  references 
provide  independent  methods  of  estimating  the  value  of  K2.  O'Connor  and 
Dobbins^11'  proposed  the  approximate  formula: 

(dlu)1/2  . 


Where, 

D[_  =  Diffusivity  of  oxygen  in  water 
=  8.1  x  10~5  ft/hr  at  20°C 
U  =  Stream  velocity,  ft/hr 
H  =  Dept  of  flow,  ft 

Churchill,  et  al,^1^  have  proposed  the  following  relationship: 

K2  =  (5.026) (V) ,96S/R  1,673 

Where, 

V  =  Mean  velocity,  ft/sec 
R  =  Mean  hydraulic  radius,  ft 
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There  is  appreciable  variation  in  literature  values  for  K£.  Typical  values 
for  Kp  range  from  0.20  to  10.0  per  day*  the  lower  values  representing  deep, 
slow-nioving  waters  and  the  higher  values,  shallow  swift-flowing  streams,  v^) 
The  Churchill*  et  al ,  formulation  gives  generally  lower  values  for  K2  than 
does  the  O'Connor  and  Dobbins  formula.  Inherent  in  these  empirical 
formulas  is  the  weakness  of  applying  them  to  situations  beyond  the  limits 
of  the  original  experimental  observations.  As  with  the  deoxygenation 
coefficient,  the  variation  of  K2  with  temperature  can  be  formulated  in 
accordance  with  the  van't  Hoff -Arrhenius  equation  (Theta  =  1.031).*5) 
Streeter's  original  approach  to  determination  of  K2  was  to  determine  all 
other  factors  in  the  sag  curve  formula  -  Kj,  Lo,  Do,  D,  and  t  -  and 
calculate  the  reaeration  coefficient  by  insertion  of  trial  values  of  K2 
in  the  sag  formula  to  obtain  a  calculated  check  on  the  noted  deficit,  D. 
This  procedure,  however,  has  the  unfortunate  result  of  combining  all 
measurement  errors,  but  the  procedure  is  still  used. 

(3)  Limitations 


Aside  from  the  difficulties  of  estimating  the  values 
of  deoxygenation  and  reaeration  coefficients,  the  Streeter-Phelps  equation 
falls  short  of  precise  description  of  the  DO  profile  in  a  given  stream 
when  other  oxygen  consuming  factors  come  into  play.  Three  such  factors 
include  nitrification,  oxygen  demand  from  bottom  deposits,  and  oxygen 
variations  caused  by  algal  photosynthesis  and  respiration  by  aquatic 
orgam  sms . 

(a)  Nitrification;  In  1935  Streeter^)  and  many 
others  since  have  concluded  that  the  nitrogenous  stage  of  the  BOD  curve 
exhibits  a  lag  in  streams  similar  to  that  in  laboratory  bottles,  where  it 
usually  starts  only  after  five  to  ten  days.  The  second  stage  of  the  BOD 
reaction  was  considered  to  be  of  little  or  no  consequence  in  stream  reaches 
close  downstream  from  waste  discharges  where  the  greatest  oxygen  depletion 
occurs.  Investigators  since,  however,  have  found  that  nitrification  can 
have  a  significant  impact  on  the  stream  oxygen  demand.  CourchaineU3) 
found  that  the  nitrification  of  organic  and  ammonia  nitrogen  immediately 
below  a  secondary  treatment  plant  accounted  for  75  percent  of  the  down¬ 
stream  oxygen  demand.  O'Connell,  et  al ,  also  found  similar  situations. 

The  quantitation  of  the  nitrification  process  in  streams  is  complicated 

by  departures  from  the  orderly  progression  of  the  nitrogen  cycle  from 
organic  nitrogen  decomposition  to  ammonia  and  the  successive  oxidation  of 
ammonia  to  nitrite  and  then  to  nitrate.  Quantifying  the  relative  changes 
of  nitrogen  forms  can,  however,  be  a  useful  indication  of  whether  nitri¬ 
fication,  or  second  stage  BOD,  is  in  progress  in  a  given  stream. 

(b)  Bottom  Deposits;  Sludge  deposits  in  a  stream 
can  result  in  concentrated  oxygen  demand  in  limited  reaches  of  streams 

and  can  impose  heavy  drafts  on  DO  of  the  water  passing  over  them.  Detailed 
stream  bed  observations  may  reveal  significant  sludge  deposits  that  may 
contribute  to  a  corruption  of  the  application  of  the  Streeter-Phelps  equation. 
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(c)  Photosynthesis :  Diurnal  variations  in  stream 
DO  caused  by  algal  photosynthesis  ImcTrespi  rati  on  can  completely  obscure 
the  effect  of  reaeration  of  a  stream  from  the  atmosphere.  Wide  diurnal/ 
nocturnal  variations  in  DO  clearly  implicate  the  effects  of  photosynthesis. 

c .  Field  Determination  of  Deoxygenation  Coefficients  and 
Carbonaceous  BODl 


A  series  of  successive  day  BOD  determinations  were  made 
for  all  stream  stations  and  the  sewage  plant  effluents.  Both  the  "method 
of  moments"  by  Moore,  et  al,(9'  and  the  "graphical  method"  by  ThomasUO) 
were  employed  to  estimate  the  coefficient  of  deoxygenation,  Ki,  for  each 
station.  Table  6-14  presents  the  calculated  values  for  Ki  for  each 
station.  Also  included  are  tabulated  values  for  the  ultimate  oxygen 
demand  (B0D[_ )  based  on  the  estimated  values  of  Kj  and  also  from  the 
ultimate  oxygen  demand  (UOD)  analyses  of  grab  samples  from  each  station 
(Fig  G-9) 


(1)  Deoxygenation  Coefficient.  With  the  exception  of 
the  estimated  values  for  Ki  for  the  MAFB  effluent  (Station  M-6)  and  for 
Jumping  Brook  (Station  S-l),  the  two  methods  used  to  estimate  the 
deoxygenation  coefficient  yielded  similar  values  for  each  sampling  station. 
In  general,  the  estimated  Kj  values  characterize  the  stream  as  containing 
relatively  stable,  weak  wastewaters.  Estimating  the  coefficients  for  the 
Jumping  Brook  waters  (S-l)  and  for  the  MAFB  effluent  (M-6)  was  difficult 
based  on  the  collected  data.  No  explanation  is  clearly  apparent  for  the 
difficulties  with  the  MAFB  effluent,  while  the  highly  aci d/zero  alkalinity 
conditions  of  the  Jumping  Brook  waters  may  have  interfered  with  the  field 
measurements. 


(2)  Carbonaceous  B0D|_ .  Calculated  values  of  BODl  also 
characterize  the  s treat)'  Wa ferT'as’  s'tabl e ,  weak  wastewaters.  The  disparity 
between  calculated  and  measured  BODl  values  for  the  stream  stations  can 
be  accounted  for  by  recognizing  that  the  measured  values  are  based  on  grab 
sample  UOD  analyses.  An  analysis  of  Figure  6-9  reveals  that  the  second 
stage  of  the  BOD  curve,  the  nitrification  stage,  took  place  beginning  at 
about  10  days. 

d .  Field  Determination  of  Stream  Reoxygenation  Coefficients 

Estimates  of  the  stream  reoxygenation  coefficients  (K2) 
for  four  reaches  of  the  receiving  stream  were  made  using  the  two  methods 
described  earlier.  (H>12)  Table  6-15  contains  a  description  of  each  stream 
reach,  the  raw  data  used  to  estimate  the  values  of  «2>  the  approximate 
times  of  water  travel  for  each  reach  of  the  receiving  streams,  and  the 
estimated  reoxygenation  coefficients  based  on  the  two  methods.  The  lower 
values  estimated  by  the  Churchill,  et  al ,  method  are  more  consistent  with 
the  range  of  values  for  K2  found  in  the  literature. 
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Table  G-14.  ESTIMATED  VALUES  FOR  DEOXYGENATION  COEFFICIENTS  (Ki)  -  SUCCESSIVE-DAY  BOD'S,  ULTIMATE 

OXYGEN  DEMAND  -  FORT  DIX/MAFB  NT,  SEP  1972. 
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TABLE  G-15.  DESCRIPTION  OF  RECEIVING  STREAM  REACHES,  DATA  USED  IN  ESTIMATING  STREAM 

REOXYGENATION  COEFFICIENTS  -  FORT  DIX/MAFB  NJ,  SEP  1972 
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e.  Fitting  of  Oxygen  Sag  Curve  to  Field  Observations 


An  attempt  was  made  to  fit  the  classical  DO  sag  curved 
to  the  field  observations  in  the  four  reaches  of  the  receiving  stream. 

The  daylight  (12-hour)  mean  and  daily  (24-hour)  mean  DO  concentrations 
recorded  at  the  various  stream  stations  were  used  to  compare  with  the 
predicted  DO  concentrations  based  on  the  sag  curve  analyses.  The 
calculated  values  for  K2  were  originally  used  in  the  preliminary  sag 
curve  fitting  process,  and  the  predicted  DO  concentrations  did  not  fit 
the  measured  values  wel 1 .  Following  a  number  of  iterations  of  lower 
values  for  K2,  closer  correlation  was  found  between  the  predicted  DO  and 
the  measured  DO  in  the  stream.  Table  6-16  contains  the  raw  data  input 
used  in  the  DO  sag  curve  analysis  for  the  four  reaches  on  the  receiving 
stream.  Worthy- of  special  note  are  the  estimated  values  for  the 
reoxygenation  coefficients  (K2)  used  in  the  final  analysis.  (See  Table 
G-16)  These  K2  values  are  consistent  with  the  literature  references  cited 
earlier.  Figure  G-ll  is  a  DO  profile  of  the  receiving  waters,  including 
the  24-hour,  the  12-hour  mean  DO  concentrations  and  the  predicted  DO  profile 
based  on  the  Streeter-Phelps  equation.  With  the  corrected  values  for  K2, 
the  classical  DO  sag  curve  correlates  closely  with  the  measured  values  on 
the  stream  for  the  first  two  reaches  in  South  Run  below  the  Ft  Dix  plant 
discharge.  The  DO  sag  curve  equation  does  not,  however,  adequately  describe 
the  DO  profile  in  the  final  two  reaches  of  the  stream  from  the  confluence 
of  Jumping  Brook  (Station  S-l)  and  Crosswicks  Creek  through  Oakford  Lake  to 
Station  S-8.  Significant  sediment  deposits  were  noted  in  these  two  reaches 
and,  along  with  photosynthesis  and  nitrification  could  account  for  the 
depressed  DO  in  these  two  reaches  of  the  stream.  No  attempt  was  made  to 
mathematically  account  for  these  factors  in  the  sag  curve  analyses.  The 
sludge  deposits  in  these  two  reaches  are  considered  to  be  transient  and 
result  at  least  partially  from  the  settleable  solids  discharged  from  the 
two  upstream  sewage  plants.  During  periods  of  turbulence  in  these  stream 
reaches,  caused  by  dramatic  increases  in  stream  flow,  these  sediments  would 
no  doubt  be  scoured  and  translocated  further  downstream,  to  exert  an  oxygen 
demand  at  a  later  time.  Reduction  in  settleable  solids  discharged  from  the 
two  sewage  plants  should  diminish  the  oxygen  demand  resulting  from  bottom 
sediments . 

3.  Theoretical  Permissible  BOD  Loading 

The  critical  reach  in  the  receiving  waters  (where  minimum  DO 
occurs)  falls  within  reaches  3  and  4.  Although  the  Streeter-Phelps 
equation  does  not  adequately  describe  the  DO  profile  within  these  two 
reaches,  some  valuable  information  may  be  obtained  from  estimating  the 
allowable  BOD  loading  of  the  stream  using  the  rate  constants  for 
deoxygenation  (Ki)  and  reaeration  (K2)  calculated  in  the  above  analyses. 
Permissible  BOD5  daily  mass  emission  rates  (PDMER)  were  estimated 
according  to  Fair (5)  for  the  critical  reach  in  Crosswicks  Creek  that  would 
maintain  the  DO  at  or  above  5.0  mg/1 .  The  BOD5  PDMER  is  determined  by  the 
magnitudes  of  the  following  parameters:  (1)  flow  (2)  temperature  (3)  stream 
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reaeration  capacity  (4)  the  deoxygenation  rate  constant  (5)  the  initial 
stream  DO  and  (6)  the  minimum  allowable  DO.  Figures  6-12  through  G-15 
are  graphs  of  the  calculated  PDMER's  in  the  critical  reach  of  Crosswicks 
Creek  for  varying  flows,  temperature  and  initial  stream  DO.  Table  G- 17 
contains  data  used  in  generating  these  graphs.  Figure  G-16.is  a  graph 
of  the  BOD5  PDMER  probability  based  on  probable  flow  (See  Fig  G-3)  in 
the  critical  reach  of  Crosswicks  Creek  for  temperatures  varying  from  12°C 
to  30°C  and  for  the  boundry  conditions  of  initial  DO  ranging  from  100 
percent  saturation  to  5.0  mg/1 .  Table  G-18  contains  tabulated  permissible 
BOD5  concentrations  and  PDMER's  for  the  critical  reach  in  Crosswicks  Creek 
to  maintain  a  minimum  DO  of  5.0  mg/1  at  the  critical,  low-flow  (7-day, 

10-year)  condition  for  stream  temperatures  of  12,  20  and  30  degrees  C. 

The  critical  flow  condition  should  occur  in  the  fall  when  ambient  and 
stream  water  temperatures  approximate  16°C.  Assuming  the  initial  stream 
DO  in  the  critical  reach  is  approximately  80  percent  saturation,  the  total 
permissible  daily  mass  emission  rate  approximates  300  pounds  of  BOD5  per 
day.  The  NJDEP  may  accept  this  estimate  of  the  receiving  stream's  BOD5 
assimilative  capacity  or  on  the  basis  of  these  analyses  the  NJDEP  may 
establish  some  other  estimated  BOD5  stream  assimilative  capacity.  Once 
such  action  is  complete,  then  the  NJDEP  should  allocate  some  fraction  or 
all  of  the  stream's  BOD5  assimilative  capacity  to  the  Ft  Dix  and  MAFB 
discharges  based  on  other  known  significant  waste  discharges. 

E.  NUTRIENTS  AND  ORGANIC  CARBON 

Figure  G-17  illustrates  the  nutrient  concentrations  and  total 
organic  carbon  (TOC)  in  the  receiving  waters.  Table  G-19  is  a  summary  of 
the  nutrient  loading  on  the  receiving  waters  in  pounds  per  day  of  nitrogen 
forms  and  phosphates. 

1.  Eutrophication  is  the  term  used  to  describe  enrichment  of 
waters  by  nutrients.  The  fertilizing  elements  contributing  most  to 
eutrophication  are  nitrogen  and  phosphorus.  The  source  of  these  nutrients 
that  cause  water  pollution  are  primarily  sewage  plant  effluents,  and 
storm  water  runoff  from  agricultural  lands. 

a.  The  ammonia  nitrogen  introduced  into  the  aquatic 
environment  will  be  subjected  to  oxidation,  assimilation  and  other  losses. 
However,  if  oxygen  is  available  and  other  environmental  factors  are. 
favorable,  a  vigorous  nitrifying  flora  will  develop  which  will. oxidize 

the  ammonium  ion  to  nitrite  and  nitrate.  Through  photosynthesis,  the  .  . 

nitrates  are  utilized  and  converted  into  organic  nitrogen  in  plant  cells. '  > 

b.  The  phosphates  are  a  major  element  of  municipal  sewage 
due  to  detergents  containing  phosphates.  Phosphates  also  enter  the  aquatic 
ecosystems  through  agricultural  drainage  and  runoff  from  surface-applied 
fertilizers.  Phosphates  seldom  exhibit  toxic  effects  upon  fish  and  other 
aquatic  life  and  may  be  beneficial  to  fish  culture  by  increasing  algae 

and  zooplanKton;  however,  concentrations  exceeding  0.03  mg/1  may  support 
undesirable  plant  growths. (16) 
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Figure  G-13.  Permissible  Daily  Mass  Emission  Rate  -  Critical  Reach, 

Crosswicks  Creek,  Initial  Stream  DO  90  Percent  Saturated 
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Mass  Emission  Rate  (BOD5,  Ib/day)  Mass  Emission  Rate  (BOD5,  lb/day) 


12°C 

2C°C 


30°C 


Figure  G-14.  Permissible  Daily  Mass  Emission  Rate  -  Critical 

Reach,  Crosswicks  Creek,  Initial  Stream  DO  80-percent 
Saturated. 
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Figure  G- 15 .  Permissible  Daily  Mass  Emission  Rate  -  Critical 
Reach,  Crosswicks  Creek,  Initial  Stream  DO  - 
5.0  mg/1 . 


G-40 


Table  G-17.  Data  Used  to  Estimate  Permissible  Daily  BOD5  Mass 
Emission  Rates,  Ft  Dix/MAFB  Survey,  September  1972 


Parameter 

Temperature  (^C) 

12 

20 

30 

Deoxygenation  Rate  Constant 

0.207 

0.30 

0.475 

Ki  (per  day) 

Reoxygenation  Rate  Constant 

0.19 

0.23 

.293 

K2  (per  day) 

Saturation 

10.83 

9.2 

7.63 

DO  (mg/1 

G-41 


1 


2000 


t. 


cu  ^ 

r~~  O 
-O  i — • 

ro  a ) 

X)  CD 

a 

s*. 

Cl.  03 
03 

c  s- 
o  o 


x?  to 
0) 

ut  a 
05  •«- 
CD  ^ 


in 
>)  to 
4->  o 

•r—  S— 
i — *  CJ 


X)  ~ 
rd  •si* 
JQ 

o  x: 

c,  o 

Cl.  05 
03 
03  a: 
4-> 

05  r— 
C£  03 

a 


O  +* 

to  S- 

00  O 

"i  c 


to  ^ 
to  o 

03  i — 


>0  03 


•r—  _Q 

03  ra 
Q  JD  • 
O  03 
<U  C.  ^ 
i — *  Cl.  03 


jQ  —I 

•r-  C. 
to  O  XJ 
tO  S- 

•r-  X3  O 
E  CL)  ^ 
t-  co 
03  ra  03 

a.  coo 


to 


i 

CD 


03 
C. 
Z5 
C T) 


(/“ep/q l  ‘$009)  peon  9iqtssLUU0d 
G~42 


Table  G-18.  Estimated  Permissible  BOD5  Concentrations  and  Daily  Mass  Emission  Rates 
for  the  Critical  Reach  in  Crosswicks  Creek  to  Maintain  a  Minimum  DO 
of  5.0  mg/1  at  the  7-Day,  10-Year  Low  Flow 
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Figure  G-17.  Mean  Daily  Nitrogen  (Kjeldahl,  Ammonia  and  Nitrate),  Total 
Phosphate  and  Total  Organic  Carbon  Concentrations  at  Stream 
Sampling  Stations,  Ft  Dix/MAFB  NJ  field  survey,  Sep  1972 
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Table  G-19.  Nutrient  Loading  in  the  Receiving  Waters,  Ft  Dix/MAFB  NJ 
September  1972 
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2.  The  two  sewage  plants  add  an  average  of  732  pounds  of  nitrogen 
and  312  pounds  of  phosphates  per  day  to  the  receiving  stream.  This  results 
in  stream  ammonia  concentration  of  5-7  mg/1  where  normally  less  than  0.1 
mg/1  ammonia  is  present  and  6-7  mg/1  phosphates  where  normally  less  than 
2.7  mg/1  phosphates  are  found.  When  speaking  of  the  assimilative  capacity 
of  the  stream  for  receiving  wastewaters,  the  nutrient  loading  is  a 
significant  consideration.  A  mass  balance  of  the  reach  studied  in  this 
survey  revealed  that  after  30  hours  of  water  travel  the  total  nitrogen 

and  ammonia  concentrations  in  the  stream  were  decreasing  while  the  nitrate 
and  phosphate  concentrations  were  beginning  to  increase.  Thus,  the  full 
effect  of  this  loading  would  be  expected  to  have  further  influence  on  the 
oxygen  dynamics  of  Crosswicks  Creek  well  downstream  of  New  Egypt. 

3.  The  total  organic  carbon  was  increasing  at  Stations  S-5  and 
S-6,  but  decreased  at  Station  S-8.  Due  to  an  EHL(K)  modification  of  the 
standard  analytical  procedure  for  organic  carbon,  U')  the  results  do  not 
accurately  reflect  the  presence  of  biomass  or  plankton  populations.  The 
organic  carbon  concentration  would  be  expected  to  increase  at  Station  S-8 
as  nutrients  are  utilized  to  form  more  algae.  As  the  numbers  of  algal 
cells  increase,  nuisance  conditions  occur  such  as  surface  scums  and  an 
algal -smothered  benthos.  The  results  may  be  foul  smelling  waters  and 
unsightly  streams. 

F.  HEAVY  METALS 

Analyses  for  15  heavy  metals  were  accomplished  on  the  stream 
waters.  Results  are  tabulated  in  Appendix  C.  No  problems  with  metals 
pollution  were  detected  by  these  analyses. 

G.  SURFACTANTS,  PHENOLICS  AND  OILS  AND  GREASES 

Specific  in-stream  limitations  on  surfactants,  phenols  and  oils 
are  not  outlined  in  New  Jersey  water  criteria.  The  data  are  summarized 
(Figure  G-18)  to  show  the  impact  of  effluent  discharges  on  these  parameters. 

1.  Surfactants  are  solutes  which  have  the  property  of  lowering 
the  surface  tension  of  water.  The  surface-active  agents  include  soap, 
detergents,  emulsifiers,  wetting  agents  and  penetrants.  The  source  of 
most  surfactants  result  from  the  popularity  of  synthetic  detergents. 

In  mid-1965,  the  detergent  industry  completed  its  full-scale  conversion 
from  alkyl  benzene  sulfonate  (ABS)  to  the  more  biodegradable  linear  alkayl 
sulfonate  (LAS).  Since  this  change-over,  the  number  of  detergent-caused 
foaming  incidents  has  dropped  sharply.  Appreciable  foaming  has  been 
observed  at  surfactant  concentrations  as  low  as  0.75  to  1.0  mg/1 . 
Concentrations  as  low  as  0.3  mg/1  may  be  deleterious  to  game  fish 
production. (16)  No  deleterious  effects  attributable  to  surfactants  were 
detected,  but  concentrations  were  as  high  as  2.0  mg/1  in  South  Run. 
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Oils  *  Greases  Phenol ics  Surfactants  (MBAS) 


mg/1 


Figure  G-18.  Mean  Daily  Concentrations  of  Surfactants, 

Phenolics  and  Oils  and  Greases  at  Stream  Samoling 
Stations,  Ft  Dix/MAFB  Field  Survey,  September  1972 
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2.  Phenol ics  are  a  group  of  organic  compounds  that  are  widely 
used  as  commercial  disinfectants  and  as  solvents  on  aircraft  washracks. 
Phenolic  compounds  may  affect  fish  in  two  ways;  first,  by  a  direct  toxic 
action,  and  second,  by  imparting  a  taste  to  fish  flesh.  Concentrations 
less  than  0.2  mg/1  should  not  iterfere  with  fish  and  aquatic  life.  The 
daily  mean  concentrations  in  the  receiving  waters  were  less  than  0.2 
mg/1 . (16; 


3.  Oils  and  other  petroleum  products  may  be  harmful  to  fresh¬ 
water  aquatic  life  in  many  respects  including  destruction  of  fish,  benthic 
organisms,  and  algae;  tainting  of  fish  flesh,  and  interference  with  normal 
oxygen  concentrations  and  reaeration. (16,18)  High  oils  and  greases 
concentrations  were  found  in  the  stream,  but  irregularities  in  the  data 
make  these  analyses  questionable. 


H.  SEDIMENTS 

1.  Heavy  Metals 

a.  Historical 

Trace  metals  in  natural  surface  waters  are  related  to 
soil  composition  in  a  watershed,  but  wastewater  discharges  influence  the 
heavy  metal  composition  in  polluted  waters.  Trace  metal  composition  of 
soils  and  sediments  will  vary  with  the  type  of  parent  rocks,  clay  and 
organic  composition  and  general  water  chemistry.  Organic  materials  and 
clay  particles  bind  metals  while  sand  does  not.  The  Crosswicks  Creek 
watershead  is  primarily  composed  of  fine  sandy  soils  with  mixtures  of. 
sandy  loam.  Many  biological  and  physical  processes  lead  to  the  deposition 
of  metals  in  bottom  sediments.  Sediments  act  as  a  concentrated  reservoir 
of  metals  from  which  they  enter  the  food  web  of  the  aquatic  community. 

b.  Preliminary  Survey 

Samples  of  sediment  from  five  points  in  South  Run  were 
collected  in  April  1972  and  analyzed  for  twelve  metals.  Table  G^2Q 
contains  a  summary  of  these  heavy  metals  analyses.  No  heavy  metals 
pollution  was  obvious  from  these  samples,  although  an  adequate  control 
showing  background  levels  was  not  available. 

c.  Field  Survey 

Sediment  samples  were  collected  at  all  stream  stations 
and  analyzed  for  seven  heavy  metals  and  organic  content.  The  results 
are  listed  in  Table  G-21.  The  sediment  was  primarily  sand  with  very 
low  organic  content.  No  evidence  of  metals  pollution  was  obvious  from 
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Table  G-20.  Heavy  Metals  Composition  of  Submerged  Soils,  South  Run,  Ft  Dix  and  McGuire  AFB,  NO, 
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L  and  R  indicate  sample  from  left  or  right  of  stream  center,  facing  downstream. 


Table  G-21.  Heavy  Metal  Composition  of  Submerged  Soils,  Crosswicks 
Creek,  Ft  Dix  and  McGuire  AFB,  NJ,  September  1972. 


Stream 
Station 1 

Parameter  (ju.g/g  dry  wt) 

Ag 

Cd 

Total 

Cr 

Cu 

Hg 

Ni 

Pb 

%  Organic 
Matter 

7L 

0.04 

0.15 

1.19 

0.23 

0.092 

0.50 

2.61 

1.1 

7R 

0.03 

0.16 

1.39 

0.37 

0.085 

0.43 

2.22 

6.0 

1L 

0.60 

0.15 

1.64 

0.67 

0.269 

0.13 

2.90 

0.8 

1R 

0.12 

0.15 

0.59 

1.48 

0.075 

0.06 

2.97 

1.0 

2L 

0.10 

0.34 

2.83 

6.49 

0.185 

0.44 

26.24 

4.8 

2R 

0.04 

0.28 

3.22 

2.65 

0.025 

0.30 

53.27 

3.6 

3L 

0.17 

0.73 

3.30 

2.27 

0.114 

<.05 

19.57 

1.0 

3R 

0.22 

0.31 

6.65 

1.93 

0.013 

0.16 

10.13 

8.5 

4L 

0.14 

0.36 

0.33 

0.61 

0.155 

O  If) 

U.  lO 

0.76 

0.8 

4R 

0.16 

0.34 

3.30 

1.37 

0.012 

0.35 

12.19 

0.8 

5L 

0.30 

1.01 

1.26 

3.89 

0.105 

0.28 

2.58 

3.0 

5R 

0.95 

0.91 

3.01 

4.17 

0.054 

0.37 

20.02 

3.0 

6L 

0.05 

0.19 

1.51 

0.63 

0.062 

0.36 

0.58 

3.8 

6R 

0.24  ' 

0.26 

1.66 

2.34 

0.025 

0.24 

3.78 

1.4 

8L 

0.07 

0.16 

1.20 

0.71 

0.074 

0.32 

2.78 

1.2 

8R 

0.06 

0.16 

1 .48 

0.73 

0.106 

0.31 

3.75 

0.8 

1 


L  and  R  indicate  sample  from  left  or  right  of  stream  center, 
facing  downstream. 
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these  samples.  Some  fluctuations  in-  metals  concentrations  were  noted, 
but  many  factors  enter  into  these  fluctuations.  The  chromium  concentra¬ 
tions  at  all  stations  were  ten  times  lower  than  the  previous  samples 
from  the  preliminary  survey.  EHL(K)  analytical  chemists  could  not  find 
an  analytical  error  and  the  difference  is  unexplainable. 

2.  Pesticides 


a.  Historical 


Increased  environmental  awareness  has  prompted 
surveillance  of  aquatic  ecosystems  for  pesticide  residues.  Pesticides 
may  enter  streams  by  aerial  drift,  application  technique  and  storm  water 
runoff.  The  following  pesticides  have  recorded  usage  in  recent  years  at 
Ft  Dix  and  McGuire  AFB:  Abate  carbaryl ,  chlordane,  dalopon,  DDT, 
diazinon,  dieldrin,  malathion,  and  silvex.  Of  the  persistent  chlorinated 
hydrocarbon  insecticides,  dieldrin  and  chlordane  have  been  used  extensively 
for  Japanese  Beetle  (Popillia  japonica)  grub  control. 

b.  Preliminary  Survey 

Sediment  samples  were  collected  from  five  locations  on 
South  Run  in  April  1972  for  preliminary  pesticide  screening.  Two  samples 
from  each  cross-section  were  collected.  Results  of  analyses  are  listed 
in  Table  C-22.  DDT  and  metabolites  were  present  in  all  samples  at  levels 
consistent  with  the  background  concentrations  found  by  the  National  Soils 
Monitoring  Program  (Wiersma,  et  al ,  1967).  Only  a  trace  of  dieldrin  was 
detected.  Chlordane  was  found  throughout  South  Run  with  increasing 
concentrations  downstream.  The  impact  of  these  chlordane  concentrations 
cannot  be  fully  evaluated,  but  additional  samples  during  the  actual  field 
survey  did  not  confirm  these  results.  The  results,  therefore,  are  not 
fully  explainable. 

c.  Field  Survey 

Sediment  samples  were  collected  (two  per  station)  from 
ten  selected  stream  stations  in  September  1972.  The  samples  from  Crosswicks 
Creek  were  analyzed  by  the  U.S.  Army  Environmental  Hygiene  Agency  and 
results  are  presented  in  Table  G-23.  DDT  levels  were  much  lower  than  the 
concentrations  found  in  the  preliminary  sampling.  No  chlordance  residues 
were  detected,  but  lindane  residues  were  found  in  two  tributaries.  The 
source  of  lindane  is  unknown,  but  presumably  is  local  contamination.  The 
difference  between  preliminary  sampling  results  and  field  survey  results 
is  unexplainable,  but  flooding  and  subsequent  scouring  plus  different 
analytical  laboratories  could  be  consequential. 

V.  BIOLOGICAL  CHARACTERISTICS 

A  basic  ecological  tenet  concerning  pollution  of  any  environment  is 
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that  pollution  depletes  the  diversity  of  animal  and  plant  life.^9*^ 

Some  pollutants  increase  the  concentration  of  plants  and  animals  (biomass) 
living  in  a  given  area,  but  decrease  the  variety  of  kinds.  Other  types 
of  pollution  simply  decrease  both  the  diversity  and  the  biomass.  Domestic 
sewage  pollution  generally  has  the  former  effect.  The  biological 
characteristics  of  Crosswicks  Creek  were  determined  by  surveying  the 
diversity  and  numbers  of  macroinvertebrates .  Pumpkinseeds  (Lepomis 
gibbosus j  were  used  for  in  situ  bioassays  at  each  station. 

A.  AQUATIC  MACROINVERTEBRATES 


Aquatic  macroinvertebrates  are  those  animals  without  an  internal 
skeletal  structure  that  are  retained  on  a  U.S.  standard  sieve  No.  30  and 
are  found  in  an  aquatic  environment.  These  animals  include  the  arthropods, 
annelids  and  mollusks.  Two  different  types  of  sampling  were  accomplished: 
quantitative  benthic  sampling  with  a  9"  x  9"  Ponar  dredge;  and  non- 
quanti tative  sampling  with  nets,  seines  and  forceps. 


1.  Quantitative  Benthic  Sampling 


Two  samples  were  collected  at  each  station  (each  side  of 
middle)  with  a  standard  Ponar  dredge.  Samples  were  of  a  similar  volume 
(a  9"  x  9"  by  2"  deep).  The  identification  and  numbers  of 
the  macroinvertebrates  are  listed  in  Table  G-24.  The  control  station 
(S-l)  supported  the  only  pollution-sensitive  benthic  animals,  otherwise 
the  stream  benthic  fauna  was  quite  uniform  throughout,  consisting  of 
pollution-tolerant  forms.  Figure  G-19  illustrates  an  analysis  of  the 
benthic  macroinvertebrates  by  the  number  of  qroups ,  the  number  of  animals 
and  Margalef's  Index  of  Diversity  (d  =  S_^l) .  121)  stream  Stations  5 
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and  6  the  benthic  fauna  consisted  of  large  numbers  of  Tubicicid  worms 
(sludge  worms).  These  sludge  worms  are  highly  indicative  of  waters 
polluted  with  domestic  wastes.  The  low  number  of  animals  collected  at 
Station  S-4  likely  results  from  the  chlorine  residual  in  the  McGuire 
effluent. 


2 •  Diverse  Macroinvertebrate  Sampling 

Macroinvertebrates  were  collected  from  a  10  yard  reach  of 
stream  at  each  station.  Sampling  was  nonquanti tative,  but  was  intended 
to  qualitatively  collect  ecotypes.  The  specimens  are  listed  by  group 
and  numbers  for  each  station  in  Table  G-25.  As  expected,  a  greater 
diversity  of  animals  was  collected.  The  analyses  of  these  samples  are 
illustrated  in  Figure  G-20.  The  diversity  was  greatest  at  Stations  7, 

1  and  5.  South  Run  (Stations  2,  3  and  4)  had  the  least  number  of  groups. 
Station  S-4  had  the  most  groups  indicative  of  pollution,  while  Station  S-3 
had  the  least  number  of  clean-water  forms.  In  Figure  G-20  the  adult 
animals  that  were  not  restricted  to  the  water  and  those  obtaining  air  from 
the  surface  were  not  considered  in  the  analytical  procedure.  The  result 
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Table  G-22.  Pesticide  Residues  in  Submerged  Soils,  South  Run, 
Ft  Dix/MAFB  NJ  Preliminary  Survey,  April  1972 


Downstream  Distance 
from  Ft  Dix  Outfall 
(ft) 

Pesticide 

(ug/9  dry  wt) 

DDE 

DDD 

DDT 

Chlordane 

Dieldrin 

10  (L)1 

.49 

.40 

.05 

5.15 

ND 

10  (R) 

.11 

ND2 

ND 

1.00 

ND 

7100  (L)  [S-3]  3 

.12 

.15 

.02 

1.36 

ND 

7100  (R) 

.33 

.11 

.09 

2.65 

ND 

12,100  (L) 

.05 

ND 

ND 

1.34 

ND 

12,100  (R) 

.13 

ND 

ND 

12.31 

ND 

15,600  McGuire  Outfall 

16,800  (L)  [S-4] 

- 

- 

- 

- 

- 

16,800  (R) 

.11 

.03 

.30 

9.94 

.01 

25,600  (L) 

.48 

.31 

.18 

35.71 

ND 

25,600  (R) 

.30 

.26 

.04 

22.27 

ND 

1(L)  and  (R)  denotes  samples  from  left  and  right  of  stream,  facing  downstream 
2ND  =  none  detected 

JIS-3)  =  Same  as  Field  Survey  Stream  Station  3 
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Table  G-23.  Pesticide  Residues  in  the  Submerged  Soils,  Crosswicks 
Creek,  Ft  Dix/MAFB  NJ,  September  19721 


Stream  Station 

Pesticide  (yg/g  dry  wt) 

0,P-DDE  | 

P ,P-DDE 

0,P-DDT 

P ,P-DDT 

Lindane 

7L 

t 

ND 

ND 

ND 

ND 

ND 

7R 

ND 

ND 

ND 

ND 

ND 

1L 

0.14 

0.07 

1.1 

2.6 

9.9 

1R 

0.15 

Tr 

Tr 

T 

ND 

21 

ND 

0.09 

ND 

0.19 

ND 

2R 

ND 

0.049 

0.052 

0.046 

ND 

Tributary  1 

3L 

ND 

ND 

ND 

ND 

ND 

3R 

ND 

ND 

ND 

ND 

ND 

Tributary  2 

4L 

ND 

ND 

ND 

ND 

ND 

4R 

ND 

0.02 

0.51 

0.41 

ND 

5L 

ND 

Tr 

Tr 

Tr 

ND 

5R 

ND 

0.06 

ND 

ND 

ND 

6L 

ND 

ND 

ND 

ND 

ND 

6R 

ND 

0.03 

ND 

ND 

ND 

8L 

ND 

ND 

ND 

ND 

ND 

8R 

ND 

ND 

ND 

ND 

ND 

Tributary  1  (L) 

ND 

0.05 

0.053 

0.13 

0.06 

(R) 

ND 

ND 

ND 

ND 

ND 

Tributary  2  (L) 

ND 

ND 

ND 

ND 

ND 

- . _ 

ND 

ND 

ND 

ND 

ND 

Analyses  accomplished  by  U.S.  Arrny  Environmental  Hygiene  Agency 
(USAEHA/RE) 
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1  L  and  R  indicate  sample  from  left  or  right  of  stream  center,  facing  downstream 
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a.  Distribution  by  number  of  species. 


S-5  S-6  S-8 


10600 


1 


1300  ' 


1200 

/  A 

1100 

v/1 

05 

1000 

& 

•r— 

900 

C 

cC 

800 

H- 

O 

700 

600 

O) 

_Q 

& 

500 

13 

400 

ouu 

200  ' 
100  • 


S-7 


S-l  S-2  S-3  S- (4 )  S-4  S-5 

Stream  Station 


b.  Distribution  by  total 


number  of  animals. 


Figure  G-19.  Analysis  of  Quantitative  Sampling  of  Benthic  Macro- 

invertebrates,  Crosswicks  Creek,  Ft  Dix  and  McGuire  AFB, 
NJ,  September  1972. 
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Table  G-25.  Macrainvertebrate  Population  as  Collected  by  Diverse  Sampling,  Ft  Dix  and 
McGuire  AFB,  NJ,  September  1972. 
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Stream  Station 

a.  Distribution  by  total  number  of  groups. 

MAFB 


Stream  Station 

c.  Distribution  by  number  of  non-tolerant,  immature  groups. 


Figure  G-20.  Analysis  of  Diverse  Sampling  of  Macroinvertebrates, 
Crosswicks  Creek,  Ft  Dix  and  McGuire  AFB,  NJ, 
Septemlj^r  1972. 


G-58 


shows  North  Run  and  Jumping  Brook  with  the  greatest  number  of  organisms 
indicative  of  clean  water.  South  Run  has  a  low  number  of  pollution 
sensitive  organisms.  Some  improvement  of  water  quality  based  on  the 
indicator  organisms  is  evident  at  stream  stations  6  and  8  on  Crosswicks 
Creek. 


B.  PLANKTON 

Plankton  are  minute  plants  and  animals  suspended  in  the  water. 
Samples  were  collected  and  the  algae,  diatoms,  zooplankton  and  fungi  . 
counted  as  described  by  "Standard  Methods  of  Wastewater  Analysis",'1” 
Sedgewick-Rafter  Technique.  The  plankton  as  counted  at  each  station 
are  enumerated  in  Table  G-26.  Figure  G-21  is  a  presentation  of  total 
plankton  per  liter  of  stream  water  by  station.  Figure  G-22  gives  a 
further  breakdown  by  algal,  fungal  and  zooplankton  groups  per  station. 

1.  The  saprophytic  fungi  derive  energy  from  nonliving  organic 
sources.  Dense  populations  indicate  organically  enriched  waters.  High 
fungal  populations  were  found  at  Stations  3  and  4  in  South  Run.  The 
population  decreased  in  Crosswicks  Creek  and  none  were  found  at  Station 
8. 


2.  Algae  and  diatoms  are  good  indicators  of  nutrient-enriched 
waters.  Dense  algal  and  diatom  populations  were  present  at  all  stations 
indicating  nutrient  enriched  waters  throughout  the  watershed. 

C.  PERIPHYTON 


Periphyton  are  the  assemblage  of  minute  organisms  that  grow  on 
the  surfaces  of  submerged  substrates  in  aquatic  habitats.  Periphyton  play 
an  important  role  in  the  limnological  processes  of  a  stream  because  these 
organisms  are  the  major  primary  producers  in  that  environment.  Periphyton 
appears  as  a  constant  feature  in  unmodified  streams  and  is  composed 
primarily  of  algae.  As  the  level  of  organic  pollution  increases,  the 
algal  species  change  and  the  algae  are  replaced  by  filamentous  bacteria 
and  other  nonchlorophyll  bearing  "consumer- type"  organisms.  The  total 
biomass  and  total  amount  of  chlorophyll  increase  with  the  organic 
enrichment,  but  also  an  increase  in  the  biomass-to-chlorophyll  ratio 
results.  This  ratio,  termed  the  "Autotrophic  Index"  because  it  is  a 
measure  of  the  self-feeding  or  food-producing  organisms  (e.g.,  alqae), 
provides  a  simple,  yet  highly  significant  index  of  water  quality.'22*23) 
The  Autotrophic  Index  (AI)  was  calculated  from  biomass  (TOC)  and 
chlorophyll-V  measurements  of  the  periphyton  which  grew  on  artificial 
substrates  (glass  slides)  placed  in  the  stream  for  ten  days.  Table  G-27 
contains  data  from  periphyton  sampling  and  the  AI  for  each  station.  The 
data  indicate: 


1.  Jumping  Brook  is  a  clean,  unpolluted  stream. 


V 


G-59 


G-60 


Plankton  collected  and  counted  as  described  by  "Standard  Methods  of  Waste  Water  Analysis 
Sedgewick-Rafter  Technique  (  ). 

L  and  R  indicate  sample  from  left  or  right  of  stream  center,  facing  downstream. 


Figure  G-21. Plankton  Population  by  Station,  Crosswicks  Creek, 
Ft  Dix  and  McGuire  AFB,  NJ,  September  1972. 


G-61 


I 


G-62 


Table  0-27.  Production  of  Chlorophyll  "a"  and  Total  Organic 
Carbon  by  Periphyton  -  Autotrophic  Index,  Crosswicks  Creek, 
Ft  Dix  and  McGuire  AFB,  NJ,  12-21  September  1972. 


A 

Station 

Total  Organic 
Carbon  (g/m^) 

Chlorophyll  "a" 
(g/m2) 

- 1 

Autotrophic 

Index 

l-L 

1-R 

0.061 

0.033 

2.04xl0-4 

3. 56xl0-4 

299 

93 

X=  196 

2-L 

2-R 

1.817 

2.422 

2 . 55x10"3 

7.89x.O  3 

712 

307 

X=  510 

3-L 

3-R 

4.585 

6.315 

8.32xl0"3 
1.11x10  2 

551 

571 

X=  561 

.> 

1  1 

0.123 

0.059 

-4 

3.88x10 

interference 

317 

X=  317 

5-L 

5-R 

15.571 

19.031 

4.63x10";? 
5.08x10  3 

3363 

3749 

X=  3556 

6-L 

6-R 

3.114 

3.114 

2.87xl0~3 

2.59xl0~3 

1085 

1201 

X=  1143 

7-L 

7-R 

2.076 

3.633 

6.51xl0~3 

7. 16x10" J 

319 

508 

X=  414 

8-L 

8-R 

6.401 

2.372 

5.16xl0_3 

interference 

1241 

X=  1241 

„  NOTES: 


1 

2 

3 

4 


Periphyton  samplers  designed  by  EPA  personnel 
Analytical  method  -  unpublished  technique  of  Keup 
Autotrophic  Index  -  TOC/Chlorophyll  "a" 

L  and  R  indicate  sample  from  left  or  right  of  stream 
center,  facing  downstream. 


G-63 


2.  South  Run  is  organically  enriched,  even  upstream  of  the  Ft 
Dix  outfall.  The  AI  increases  downstream  of  Ft  Dix,  but  decreases 
downstream  of  McGuire's  outfall.  This  decrease  is  suspected  to  result 
from  the  toxic  effect  of  the  chlorine  residual  in  the  McGuire  effluent. 

3.  The  consumer  type  organisms  (filamentous  bacteria)  are  most 
prevalent  at  Station  5  in  Crosswicks  Creek,  but  the  water  quality  improves 
downstream  although  it  is  still  poor  quality  downstream  of  New  Egypt. 

4.  The  AI  of  North  Run  was  low  indicating  good  quality  of  water. 


D.  FISH  POPULATIONS  AND  IN  SITU  FISH  BIOASSAYS 


Fish  are  dependent  on  the  stream  invertebrates  for  food  and  on 
the  proper  chemical  and  physical  environment  for  survival.  Fish 
populations  are  a  reflection  of  the  rest  of  the  food  web,  but  also  fish 
have  long  life  cycles  and  conditions  directly  or  indirectly  adverse  to 
the  fish  have  long  term  ramifications. (24)  Sewage  pollution  reduces  the 
variety  of  fish,  but  certain  tolerant  species  increase  in  abundance. 
Generally,  predatory  fish  are  replaced  by  scavenger- type  fish  and  regions 
of  severe  oxygen  depletion  may  be  devoid  of  fish  entirely.  The  waters  of 
Crosswicks  Creek  are  to  be  "suitable  for  the  maintenance,  migration  and 
propagation  of  the  natural  and  established  biota"  as  specified  by  the 
New  Jersey  Surface  Water  Quality  Criteria.  (See  Appendix  F.)  To  determine 
the  numbers  and  types  of  aquatic  vertebrates  present,  electroshocking  and 
collecting  was  accomplished  with  the  aid  of  personnel  and  equipment  from 
the  State  of  New  Jersey,  Division  of  Fish  Game  and  Shell  fisheries  (Bureau 
of  Fishery  Management)  and  the  NJ  Department  of  Environmental  Protection. 
Fish  and  other  aquatic  vertebrates  were  collected  from  a  200  feet  reach 
of  stream  at  each  station,  identified^5)  and  counted,  and  released 
unharmed.  Some  specimens  were  retained  for  chemical  residue  analyses. 


1.  Table  G-28  lists  the  numbers  and  kinds  of  vertebrates 
collected  at  each  station.  North  Run  supported  the  greatest  variety  and 
mass  of  fish,  reflecting  the  high  quality  of  the  water.  Jumping  Brook 
also  was  a  stream  of  high  quality  with  a  good  variety  of  vertebrate _ 
species.  Jumping  Brook  actually  harbored  the  unique  fish  fauna  native 
to  the  acid-"tea-colored"  waters  of  the  area.  Jumping  Brook  (Station  1) 
was  the  only  place  in  the  watershed  where  pickerel,  mudminnow,  pirate 
perch,  banded  sunfish  and  tessellated  darters  were  collected.  These 
species  should  be  dispersed  throughout  the  watershed,  but  they  cannot 
survive  in  polluted  waters.  Fish  life  in  South  Run  and  the  downstream 
portion  of  Crosswicks  Creek  was  very  different  from  that  in  Jumping  Brook. 
Only  the  pollution  tolerant  killifish  and  bullheads  werefound  in  South 
Run.  The  stream  was  devoid  of  fish  downstream  from  McGuire's  outfall. 

Only  semi -aquatic  frogs  were  observed  in  this  reach.  The  stream  quality 
improved  somewhat  in  Crosswicks  Creek,  but  fish  life  was  represented 
only  by  pollution-tolerant,  trash  fish.  Although  weights  were  not  obtained. 
Crosswicks  Creek  did  obviously  support  the  greatest  mass  of  fish,  including 
medium  sized  carp,  eels,  and  bullheads. 


Table  G-28.  Aquatic  Vertebrates  Collected  by  Electro-shocking  in 

Crosswicks  Creek,  Ft  Dix  and  McGuire  AFB,  NJ,  September 
1972. 


1 

Kinds  of  Vertebrates 

Stream 

Station 

7 

1 

2 

3 

4 

5 

6 

3 

Number  O' 

An- 

mals 

American  Eel,  Anguilla  rostrata 

8 

4 

2 

5 

Eastern  Mudminnow,  Umbra  pyqmaea 

1 

Chain  Pickerel,  Esox  niqer 

2 

Carp,  Cyprinus  carpi o 

32 

5 

2 

Golden  Shiner,  Notemigonus  crysoleucas 

4 

15 

4 

4 

Shiners,  Notropis  so. 

2 

Spottail  Shiner,  Notropis  hudsonius 

6 

Creek  Chub,  Semotilus  atromaculatus 

2 

White  Sucker,  Catos tomus  commersoni 

1 

Creek  Chubsucker,  Erimyzon  oblonqus 

4 

Brown  Bullhead,  Ictalurus  nebulosus 

1 

2 

2 

Pirate  Perch,  Aphredoderus  sayanus 

2 

Banded  Killifish,  Fundulus  diaphanus 

42 

5 

Banded  Sunfish,  Enneacanthus  obesus 

6 

Pumpkinseed,  Lepomis  gibossus 

2 

Tessellated  Darter,  Etheostoma  olmstedi 

2 

Snapping  Turtle,  Chelydra  serpentina 

1 

Leopard  Frog,  Rana  pi  pens 

1 

1 

Green  Frog,  Rana  cl  ami  tans 

1 

2 

Bullfrog,  Rana  catesbeiana 

1 

Total  Kinds 

8 

8 

1 

2 

2 

5 

4 

4 
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2.  Pumpkinseeds  were  seined  from  Hip's  Folly  pond  on  the  upper 
reaches  of  the  West  Branch  to  South  Run  and  placed  in  hardware  cloth 
cages  (8  fish  per  cage)  at  each  of  the  stream  stations.  Table  G-29  lists 
the  mortality  of  the  pumpkinseeds  over  an  eight  day  exposure  period. 

Survival  was  best  in  a  small  tributary  (Station  2A)  to  South  Run.  The 
sunfish  survived  well  in  the  stream  reach  between  the  Ft  Dix  outfall  and 
McGuire  outfall.  This  indicates  that  the  lack  of  native  fish  is  due  to 
toxic  discharges  not  observed  during  the  field  survey  or  chronic  discharges 
that  make  the  stream  untenable  over  longer  periods  of  time  than  the  eight 
days.  Immediately  downstream  of  the  McGuire  outfall,  all  fish  died  within 
three  hours.  The  McGuire  effluent  was  acutely  toxic  to  fish.  Bioassays 
using  the  same  species  in  the  effluent  prior  to  chlorination  revealed  no 
toxicity  and  no  mortality.  The  high  chlorine  residual  in  the  effluent 
effecitvely  kills  most  stream  biota.  Mortality  of  the  pumpkinseeds  was 
about  50  percent  after  eight  days  in  Crosswicks  Creek  at  Station  5.  There 
was  80  percent  mortality  at  Station  5  which  is  explained  by  the  data 
showing  an  oxygen  depletion  at  that  point  in  the  stream.  Conditions  for 
sunfish  survival  were  improved  downstream  below  Oakford  Lake.  The 
pumpkinseed  mortality  in  Jumping  Brook  likely  is  a  result  of  nonadaptability 
to  the  low  pH.  The  high  mortality  in  North  Run  is  unexplainable  since  the 
same  species  was  collected  in  that  stream. 

E.  PESTICIDE  RESIDUES  IN  FISH 

Several  fish  ’were  selected  for  preliminary  screening  of  the 
persistent,  organc-chlorine  pesticide  residues.  Results  of  these  analyses 
are  listed  in  Table  G-30.  Residues  of  the  ubiquitous  DDT  and  metabolites 
were  present  in  all  species.  The  concentrations  of  DDT  and  metabolites 
ranged  from  0.028  to  1.316  yg/g.  The  U.S.  Department  of  Interior's 
National  Pesticide  Monitoring  Program  found  6.47,  4.89  and  3.71  ppm  DDT 
and  metabolites  in  brown  bullheads  in  1967,  1968  and  1969,  respectively, 
from  the  Delaware  River  at  Camden  NO  (Henderson,  et  al ,  1969  and  1971). 

The  residue  of  DDT  and  metabolites  found  in  the  Brown  Bullhead  from 
Crosswicks  Creek  was  0.398  ppm.  This  concentration  is  quite  low.  The 
chlordane  and  PCB  levels  were  also  very  low. 

F.  BACTERIOLOGICAL  ANALYSIS  OF  RECEIVING  WATERS 

1.  Concurrent  to  the  bacteriological  analyses  being  accomplished 
on  the  STP  effluents,  similar  studies  were  being  performed  on  samples 
taken  from  each  of  the  receiving  water  and  control  stations.  This  study 
was  designed  to  determine  whether  the  sewage  outfalls  affected  the  sanitary 
quality  of  the  receiving  waters. 

2.  Samples  were  collected  at  each  station  for  ten  consecutive 
days  and  analyzed  for  total  col i forms,  fecal  col i forms  and  fecal 
streptococci  by  the  membrane  filter  technic  as  referenced  in  Materials 

and  Methods,  Appendix  B.  Problems  with  incubation  temperatures  and  culture 
media  for  the  fecal  streps  invalidated  many  of  the  analyses.  The  New 
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Table  G-29.  Mortality  of  Pumpkin seed- (Lepomis  gibossus)  Caged 
in  Crosswicks  Creek,  Ft  Dix/McGuire  AFB  NJ 
September  1972 


Station 

Percent  of  Fish 

Mortality 

Hours 

of  Fxposure 

2 

3 

24 

48 

72 

96 

120 

144 

168 

192 

1 

- 

- 

0 

50 

56 

56 

56 

56 

56 

56 

2 

- 

- 

31 

37 

62 

93 

93 

93 

93 

93 

2A 

- 

0 

0 

0 

0 

_  i 

100 

3 

- 

- 

25 

25 

31 

31 

31 

31 

37 

_  2 

0 

0 

14 

29 

29 

_  3 

38 

100 

4 

- 

- 

100 

5 

- 

- 

37 

37 

37 

50 

50 

56 

56 

56 

6 

- 

- 

56 

75 

81 

_4 

7 

- 

- 

50 

50 

56 

62 

69 

75 

75 

93 

8 

- 

- 

31 

37 

50 

50 

50 

62 

62 

62 

located  ten  feet  downstream  of  Ft  D 

iix  Out 

ifall. 

2Located  30  feet  upstream  of  McGuire  Outfall, 
located  30  feet  downstream  of  McGuire  Outfall. 
**Cages  vandalized. 
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Table  G-30.  Pesticide  Residues  in  Fish  Collected  in  Crosswicks 
Creek,  Ft  Dix  and  McGuire  AFB  NJ,  September  1972 


Fish 

Station 

Pesticide  (ug/g  dry  wt) 

DDE 

DDD 

DDT 

Chlordane 

PCB 

Carp 

5 

.049 

.038 

.018 

.227 

ND 

Brown  Bullhead 

6 

.185 

.163 

.050 

ND 

ND 

American  Eel 

7 

.026 

.020 

.032 

ND 

ND 

American  Eel 

7 

.529 

.394 

.393 

ND 

1,314 

Brown  Bullhead 

7 

.011 

.010 

.007 

ND 

ND 

Jersey  Department  of  Environmental  Protection,  Division  of  Water  Resources 
conducted  a  stream  survey  from  2  May  to  21  September  1972  and  published  a 
preliminary  report  in  October  1972.  The  bacteriological  data  is  summarized 
and  reproduced  in  this  report  for  comparison  with  this  Laboratory's 
bacteriological  examination  of  the  waters. 


3.  Table  G-31  summarizes  fecal  coliform  findings.  The  New  Jersey 
Surface  Water  Quality  Criteria  for  FW-2  waters  specifies  that  "Fecal 
coliform  levels  shall  not  exceed  a  geometric  mean  of  200/100  ml."  This 
level  is  grossly  exceeded  in  North  Run.  The  control  stations  had  low 
levels  of  fecal  coliforms.  The  Ft  Dix  sewage  plant  effluent  violated 
this  criterion  with  a  geometric  mean  of  233  fecal  coliform  colonies  per 
100  ml.  This  level  dropped  rapidly  as  evidenced  by  the  low  levels  of  S-3. 
McGuire's  sewage  plant  effluent  contained  low  levels  of  fecal  coliforms 
(160/100  ml).  The  fecal  coliform  level  was  observed  to  increase  considera¬ 
bly  in  Crosswicks  Creek.  The  source  of  these  fecal  coliforms  was  not 
di scovered. 


4.  In  addition  to  fecal  coliforms  analyses  were  accomplished  for. 
fecal  streptococci  and  total  coliforms.  The  presence  of  fecal  streptococci 
(Table  G-32)  indicates  the  presence  of  warm-blooded  animal  pollution.  The 
fecal  streptococci  do  not  multiply  in  water, therefore,  increases  of 
fecal  strep  bacteria  in  the  stream  is  a  result  of  additional  pollution. 
Control  Station  S-2  had  high  levels  of  fecal  strep  indicating  fecal 
pollution  from  animals,  possibly  pets.  Fecal  strep  concentrations  were 
very  low  in  South  Run,  but  high  in  Crosswicks  Creek.  This  indicates 
contamination  of  Crosswicks  Creek  by  either  wildlife  or  domestic  animals. 
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Table  G-31.  Data  Summaries  of  Fecal  Col i form  Analyses  of 

Receiving  Waters  and  Sewage  Plant  Effluents,  Ft  Dix 
and  McGuire  AFB  NJ  by  EHL/K  (September  1972)  and  NJ 
DEP  (May-September  1972) 


Station 

Fecal  Col i form 

EHL/K 

NJ  DEP 

N1 

Range 

GM2 

N 

Range 

GM 

S-7 

7 

50 

- 

19,600 

2,475 

9 

80  -  1,300 

418 

S-l 

6 

10 

- 

40 

21 

5 

<20  -  330 

<35 

S-2 

7 

80 

- 

2,500 

203 

D-7 

6 

20 

- 

1,100 

233 

S-3 

7 

20 

- 

6,400 

137 

M-6 

6 

20 

- 

1,000 

160 

S-4 

7 

20 

- 

3,500 

168 

8 

50  ->24,000 

>261 

S-5 

7 

20 

- 

2,600 

301  ' 

9 

80  -  17,000 

811 

S-6 

7 

80 

- 

16,000 

628 

9 

170  -  16,000 

952 

S-8 

7 

20 

- 

8,000 

226 

9 

80  -  2,400 

821 

*N  =  Number  of  Samples 
2GM  =  Geometric  Mean 
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Table  G-32.  Data  Summaries  of 'Fecal  Steptococci  Analyses  of 

Receiving  Waters  and  Sewage  Plant  Effluents,  Ft  Dix 
and  McGuire  AFB  NJ  by  EHL/K  (September  1972)  and 
NO  DEP  (May-September  1972) 


Station 

Fecal  Streptococci 

EHL/K 

NJ  DEP 

N1 

Range 

GM2 

N 

Range 

GM 

S-7 

2 

1180  -  2480 

1711 

9 

22  -  >2400 

>252 

S-l 

2 

<5  -  220 

<33 

5 

23  -  350 

73 

S-2 

2 

780  -  1100 

926 

D-7 

2 

<10 

<10 

S-3 

2 

<10  -  20 

<14 

M-6 

2 

<10  -  30 

<17 

S-4 

2 

<5  -  10 

<7 

8 

8  -  350 

47 

S-5 

9 

j 

110  -  760 

289 

9 

8  -  3500 

175 

S-6 

2 

140  -  700 

313 

9 

140  -  1600 

415 

S-8 

2 

620  -  3440 

1460 

9 

23  -  1600 

413 

*N  =  Number  of  Samples 
2GM  =  Geometric  Mean 
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The  total  col i form  data  (Table  G-33  correlates  well  with  the  above 
discussion,  indicating  heavy  bacterial  pollution  in  North  Run,  moderate 
pollution  of  South  Run,  and  heavy  bacterial  contamination  of  Crosswicks 
Creek.  The  ratios  of  fecal  col i form/ fecal  streptococci  geometric  means 
are  summarized  in  the  text,  Table  G-34.  Ge'ldreich(27)  states  that  in 
wastes  of  human  origin,  the  ratio  of  number  of  fecal  col i forms  to  fecal 
streptococci  is  greater  than  two-to-one,  while  such  ratios  for  wastes 
from  nonhuman  animal  sources  tend  to  be  less  than  one-to-one.  Application 
of  this  theorem  to  the  field  survey  data,  indicates  that  S-l,  S-2  and  S-8 
are  not  polluted  by  human  wastes;  S-7,  S-5  and  S-6  are  possibly  polluted 
by  some  human  fecal  material;  D-7,  $-3,  M-6  and  $-4  show  definite  pollution 
by  human  fecal  bacteria. 

G.  EFFLUENT  BIOASSAYS 

The  bioassay  studies  accomplished  during  this  survey  utilized 
continuous-flow  monitoring  of  effluent  toxicity.  Two  species  of  fish 
were  used  at  each  sewage  treatment  plant  for  these  tests. 

1.  Experimental  Animals 

a.  Fathead  minnows  (Pimephales  promelas),  which  are  the 
standard  test  fish  at  the  EHL(K),  were  obtained  from  the  National  Fish 
Hatchery  at  Uvalde,  Texas  and  flown  in  an  insulated,  aerated  container 
to  McGuire  AFB/Ft  Dix  for  these  bioassays.  Subadult  fish  ranging  in 
weight  from  0.45  -  1.20  g  (mean  weight  =  0.64,  standard  deviation  =  0.190) 
were  used  in  these  tests. 

b.  Pumpkinseeds  (Lepomis  gibbosus)  were  seined  from  Hips 
Folly  Pond  (man-made  reservoir,  upper  reaches  of  South  Run)  on  Ft  Dfx  for 
in  the  bioassays.  Subadult  fish  ranging  in  weight  from  1.75  -  9.50  g 
(mean  weight  =  5.75,  standard  deviation  =  2.338)  were  used  in  these  tests. 

2.  Bioassay  Test  Procedure 

a.  Effluent  bioassays  were  dynamic-type  receiving  sewage 
treatment  plant  final  effluent  (prior  to  chlorination).  The  effluents 
were  delivered  to  flow-through  chambers  where  fish  were  exposed  as 
listed  in  Table  G-35. 

b.  Controls  were  an  integral  part  of  the  bioassays.  Fathead 
minnows  and  pumpkinseeds  were  held  in  well  water  from  deep  wells  on  McGuire 
AFB  under  static  conditions  concurrent  to  the  dynamic  tests.  The  water 
was  collected  in  polyethylene  carboys  prior  to  chlorination  or  any  other 
treatment.  The  control  water  chemistry  is  presented  in  Table  G-36. 

c.  All  bioassays  were  aerated  to  prevent  low  oxygen  stress. 
All  exposure  chambers  were  1-gallon  plyethylene  containers  and  flow  rates 
were  adjusted  to  25  ml /minute  to  give  2.5  hours  detention  time. 
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Table  G-33.  Data  Summary  of  Field  Survey  Total  Col i form  Analyses, 
Receiving  Waters  and  Sewage  Plant  Effluents,  Ft  Dix 
and  McGuire  AFB  NJ,  Septemb  er  1972 


Station 

1 

Total  Col i form 

N'i 

Range 

Geometric  Mean 

S-7 

7 

1,700  -  126,000 

44,778 

S-l 

6 

20  -  16,000 

547 

S-2 

7 

16,000  -  100,000 

39,820 

D-7 

6 

4,600  -  21,000 

7,382 

S-3 

7 

200  -  88,000 

11,590 

M-6 

6 

2,000  -  240,000 

10,292 

S-4 

7 

100  -  120,000 

16,769 

S-5 

7 

6,000  -  69,000 

31,988 

S-6 

7 

29,000  -  135,000 

54,305 

S-8 

7 

2,000  -  102,000 

29,824 

*N  =  Number  of  Samples 
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Table  G-34.  Ratios  of  Geometric  Means  for  Fecal  Coliforms/Fecal 
Streptococci  as  Analyzed  in  the  Receiving  Waters 
and  Sewage  Plant  Effluents,  Ft  Dix  and  McGuire  AFB 
NJ  by  EHL/K  (September  1972)  and  NJ  DEP  (May- 
September  1972) 


Station 

Fecal  Coliform/Feq 

al  Streptococci  Ratio 

EHL/K 

NO  DEP 

S-7 

1.4 

1.7 

S-l 

0.6 

0.5 

S-2 

0.2 

D-7 

23.3 

S-3 

9.8 

M-6 

9.9 

S-4 

24.0 

5.6 

S-5 

1.0 

4.6 

S-6 

2.0 

2.3 

S-8 

0.2 

2.0 
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Table  G-35. 


Fish  Bioassay  Exposure 
September  1972 


Data,  Ft  Dix/MAFB  Survey 


No.  Exposure 
Chambers 

No.  Fish/ 
Chamber 

Exposure  Time 
(Consecutive  Hours) 

McGuire  AFB 

Fathead  Minnows 

5 

5 

175 

Pumpkinseeds 

4 

6 

114 

Ft  Dix 

Fathead  Minnows 

1 

25 

96 

Pumpkinseeds 

1 

25 

96 

d.  Bioassay  test  fish  were  counted  as  dead  when  gill 
movement  ceased  and  no  response  was  elicted  to  touching. 


Table  G-36.  Chemistry  of  Control  Water  From  Deep  Well  on 
McGuire  AFB  Used  for  Fish  Bioassays 


pH 

6.6  units 

Alkalinity 

44.0 

Color 

20.0 

Turbidi ty 

2.0 

Hardness  (CaC03) 

144.0 

Dissolved  Solids 

120.0 

COD 

0.0 

Kjeldahl  Nitrogen 

<0.5 

Ammonia  Nitrogen 

<0.1 

Nitrites 

<0.1 

Ni trates 

<0.1 

Phenols 

0.015 

MBAS 

<0.01 

Chromi urn 

<0.05 

Hexavalent  Chromium 

<0.001 

Copper 

<0.02 

Aluminum 

0.48 
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I .  McGuire  AFB  Inventory 

Following  (Tables  H-l  -  H-4)  is  an  industrial  waste  source  inventory 
for  MAFB  compiled  by  the  MAFB  Bioenvironmental  Engineer.  The  data  are 
compiled  by  building  number,  the  generating  activity,  approximate  volumes 
of  each  contaminant  when  known,  and  the  methods  of  ultimate  disposal. 
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TABLE  H-l 

INDUSTRIAL  WASTE  SOURCE  INVENTORY 

,  MAFB  NJ 

BLDG 

FUNCTION 

CONTAMINANT 

DISPOSAL 

17-08 

Fire  Dept 

Oil 

Drums  to  Salvage 

PAX  Term 

Detergent  6  gal/wk 

Cafe 

Reward-Chlorinated  30  lb/wk 

Sanitary  Sewage 

Rapid-Dri  2  gal/wk 

Sanitary  Sewage 

Cleansing  Powder  32  oz/wk 

Sanitary  Sewage 

Bleach-Na  12  qts/wk 

Sanitary  Sewage 

Ammonium  Hydroxide  12  qt/wk 

Sanitary  Sewage 

17-32 

Fit  Contr 

Boraxo 

Sanitary  Sewage 

Floor  Wax  1  gal/wk 

Sanitary  Sewage 

Floor  Wax  Remover  1  gal/wk 

Sanitary  Sewage 

Oil  500  gal/wk 

Bowser 

Fasolv  Degreaser 

Oil  Separator  Into  Sanitary 

PD  680  27  gal/wk 

Oil  Separator  Into  Sanitary 

Alkali  55  gal/wk 

Oil  Separator  Into  Sanitary 

(6850-935-0995) 

Carbon  Remover 

Oil  Separator  Into  Sanitary 

(6850-803-6420) 

Detergent 

Sanitary  Sewage 

(7930-999-2417 

18-23 

Fuel  Sys 

JP-4  Fuel  10  gal/wk 

Oil  Separator 

Rpr 

18-03 

Protective 

Ketone 

Ft  Dix  Landfill 

Coatings 

(6810-281-2762) 

Lacquer 

Ft  Dix  Landfill 

Dope  Thinner 

Water  From  Sprayer 

Upon  Grass 

18-16 

Prop  Maint 

Oil 

Bowser 

Varsol 

Bowser 

PS  66 

Bowser 

Speedy  Dri 

Dumpster 

H-3 


* 


TABLE  H-2 

INDUSTRIAL  WASTE  SOURCE  INVENTORY,  MAFB,  NJ 

BLDG 

FUNCTION 

CONTAMINANT 

DISPOSAL 

18-17 

Eng  Shop 

Oil 

Fuel 

Bowser 

Bowser 

18-09 

Rail  Shop 

Naptha 

Evaporation 

18-11 

NJ  Nat  Guard 

Cleaner  MIL-C-25769 
Oil 

Varsol 

Gunk 

Sanitary  Sewage 

Bowser 

Sanitary  Sewage 

Sanitary  Sewage 

26-04 

Consol  Dine 
Hall 

Compound  5,400  lb /mo 
(7930-531-7847) 

Rinso  24  gal/wk 
(7930-619-9575) 
Powder  24  cans/wk 
(7930-243-5940) 

Sanitary  Sewage 

Sanitary  Sewage 

22-01 

A.cft  Cleaner  175 
gal/wk  (685- 
935-0995) 

Sanitary  Sewage 

22-02 

Acft  Cleaner  Com¬ 
pound  1  ga/wk 

Sanitary  Sewage 

22-03 

Oil 

Oil  Sent  to  Bldg  22-01 

Oil  Separator 

22-05 

Fuel 

PS-661  Solvent 

Bowser  to  POL 

Ramp  Drainage  to  Oil 

Separator 

22-40 

Acft  Corros 
Control 
Washrack 

M.E.K.  20  gal/wk 

PD  680  800  gal/wk 
Toluene  10  gal/wk 
Acft  Cleaner  200 
gal/wk 

Turco  MIL  25769F 

330  gal/wk 

Stripper  35  gal/wk 
(8010-815-2970) 

Into  Floor  Drains  to  Oil 
Separator  &  Then  to 

Sanitary  Sewage 

Note:  Soluble  &  Miscible 
Compounds  Bypass  the  Oil 
Separator. 
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TABLE  H-3 

INDUSTRIAL  WASTE  SOURCE  INVENTORY,  MAFB  NJ 

BLDG 

FUNCTION 

CONTAMINANT 

DISPOSAL 

22-50 

Eng  Oil  300  qt/day 

Bowser 

22-51 

Eng  Oil  300  qt/day 

Bowser 

32-09 

Hyd  Shop 

Hyd  Fluid  25  gal /mo 
Solvent  50  gal/wk 
Surgical  Soap 

Bowser 

Bowser 

Sanitary  Sewage 

IRAN  Dock 

Oil 

Bowser 

Aero  Rpr 

Naphtha  1  gal/wk 
(6810-238-8119) 
M.E.K.  5  gal/wk 
Sweeping  Compound 

100  lb/wk 

Evaporation 

Evaporation 

Ft.  Dix  Landfill 

32-06 

Refuel  Maint 

JP-4  Fuel  300  gal/wk 
115  AvGas 

145  AvGas 

Acft  Cleaning 

Compound  55  gal/ 
wk 

Underground  Tank  +  Drain 
to 

Storm  Drains 

34-28 

Heater  Rpr 

Paint  Thinner  2  gal/ i 
gal/wk 

Fuel  Oil  2  gal/wk 
Acetone  2  gal/wk 

kStorm  Drains 

Ft.  Dix  Landfill 

Bowser  to  Salvage 

34-40 

Heavy  Equip 

Rpr 

Acft  Cleaning  Com¬ 
pound 

Oil  440  gal/mo 

PS-661  27  gal/mo 

Storm  Drains 

Salvage 

Salvage 

33-37 

Test  Cell 

JP-4  Fuel 

Oil 

Hyd  Fluid 

Acft  Cleaner  55  gal/ 
mo 

PS-680 

Drainage  Ditch  to  Stream 

Bowser 
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TABLE  H-4 

INDUSTRIAL  WASTE  SOURCE  INVENTORY,  MAFB  NJ 

BLDG 

FUNCTION 

CONTAMINANT 

DISPOSAL 

34-101 

Paint  Shop 

Thinner  80  gal/mo 

Latex  Paint 

Oil-Base  Enamel 

Ft,  Dix  Landfill 

Washed  Into  Stream 

Ft.  Dix  Landfill 

34-31 

Power  Prod 
Maint 

Diesel  Fuel  100  gal/wk 
Gasoline 

Oil 

Solvent 

Acid-Battery 

Bowser 

Bowser 

Bowser 

Bowser 

Dilute  1,000:1  &  Wash 

Into  Stream 
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II.  Fort  Dix  Inventory 

Following  (Table  H-5)  is  an  inventory  of  vehicle  wash  racks  on  Fort 
Dix  compiled  by  the  Fort  Dix  Medical  Department  Sanitarian. 
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TABLE  H-5 

INDUSTRIAL  WASTE  SOURCE  INVENTORY,  VEHICLE  WASHRACKS,  FT.  DIX  NJ 

BLDG 

FUNCTION 

CONTAMINANT/DISPOSAL 

5372 

TMP 

1.  Drainage  -  Into  storm  sewer. 

2.  Cleaning  Agents  -  Liquid  soap  approx  3 
gallons /vehicle ;  150  vehicles /day . 

3.  Discharge  volume:  3450  gal/day. 

4302 

363rd  Trans. 

1.  Drainage  -  runoff  into  dirt  road. 

2.  Cleaning  Agents  -  None. 

3.  Discharge  volume:  900  gal/day. 

4465 

85th  Med 

Bn. 

1.  Drainage  -  Storm  Sewer. 

2.  Cleaning  Agents:  Liquid  soap. 

3.  Discharge  Volume:  207  gal/day. 

5723 

532nd  MP  Co. 

1.  Drainage  -  Storm  Sewer 

2.  Cleaning  Agents:  Liquid  Soap. 

3.  Discharge  volume:  500  gal/day. 

c;q  Qf\ 

759th  MP  Bn, 

1.  Drainage:  Into  sump. 

2.  Cleaning  Agents:  Liquid  soap. 

3.  Discharge  volume:  690  gal/day. 

5924 

5th  AIT  Bde 

1.  Drainage  into  ditch  in  wooded  area 
behind  washrack. 

2.  Cleaning  Agent:  Liquid  soap. 

3.  Discharge  volume:  2300  gal/day. 

NOTES:  1.  Cleaning  Agents:  Only  soap  used.  Manufacturer  of  liquid  soap 

unknown.  Also  use  solution  of  detergent,  general  purpose,  Fed 
Spec  P-D-22A,  Type  I  Powder,  Manufactured  by  Edick  Lab.  Estimate! 
3  gal/vehicle. 

2.  Discharge  volume:  Estimate  based  on  approx  23  gallons  of  water 
used/vehicle,  since  water  is  left  running  during  washing  of 
vehicle.  Maximum  usage  based  on  maximum  number  of  vehicles. 

3.  Any  oil,  grease,  etc.,  discharged  into  system  comes  from  wash¬ 
ing  of  vehicles. 
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I.  General 


There  are  a  number  of  advantages  in  returning  treated  wastewaters  to  the 
land,  including:  reduced  costs  over  advanced  waste  treatment  schemes;  the 
soil -pi ant  complex  is  an  effective  renovation  media  capable  of  using  both 
excess  water  and  nutrients;  less  degradation  of  surface  water  courses  results; 
the  treated  waters  are  returned  to  the  ground  waters  for  reuse,  and  some  economic 
return  may  be  realized  through  crop  production.  If  properly  designed  and  well 
managed  a  land  irrigation  system  will  return  renovated  waters  into  either  the 
surface  or  sub-surface  water  resources.  Land  disposal  systems  may  be  used  where 
the  waste  contains  pollutants  which  can  successfully  be  removed  through  organic 
decomposition  in  the  soil -plant  complex,  and  by  adsorptive,  physical,  and 
chemical  reactions  with  earth  materials. 

A.  System  Objectives:  Two  approaches  with  differing  objectives  are 
apparent 


1.  Agricultural  Irrigation:  This  approach  involves  the  application 
of  water  or  effluent  for  maximum  economic  return  from  the  cropping  season. 

In  this  approach  water  is  used  on  a  seasonal  basis  and  is  greatly  influenced 
by  rainfall  patterns.  In  this  approach  the  amounts  of  water  applied  are  generally 
small  in  relation  to  the  disposal  need.  Small  scale  agricultural  irrigation  of 
the  MAFB  golf  course  is  currently  practiced,  using  chlorinated  effluent  from  the 
sewage  treatment  plant. 

2.  Effluent  Irrigation:  This  approach  is  the  disposal  of  the  maximum 
amount  of  effluent  which  can  be  renovated  by  the  soil -pi  ant  filter  without  de¬ 
trimental  effects  to  the  surface  or  ground  water,  soils  or  crops.  In  general, 
the  particular  soil's  permeability  or  hydraulic  conductivity  will  determine  the 
amounts  of  water  passing  through  the  soil.  However,  the  amount  of  application 
will  be  determined  by  the  capability  of  the  plant-soil  complex  to  remove  potential 
pollutants.  In  general,  this  approach  also  demands  near  maximum  crop  production 
to  insure  maximum  removal  of  pollutant  materials. 

B.  General  Considerations  of  Disposal  Site  Selection:  The  prime  con- 
sideration  for  site  selection  is  the  ability  of  the  organi c  and  earth  materials 
to  properly  renovate  the  applied  wastes.  Particularly  important  with  the 
effluent  irrigation  approach  are:  the  exchange  capacity  of  the  soils,  soil 
texture;  drainage;  bedrock;  presence  of  fractures,  porosity;  the  variable  depth 
to  the  water  table,  its  direction  of  flow  and  rate  of  movement  and  its  quality. 

II.  General  Description  of  Burlington  and  Ocean  Counties 

•Most  all  of  the  Ft  Dix  Military  Reservation  lies  within  Burlington  County, 
New  Jersey.  The  east  third  of  the  Reservation  lies  within  Ocean  County. 
Essentially  all  of  the  Reservation,  however,  lies  within  the  Delaware  River 
drainage  basin.  All  discussions  in  this  preliminary  evaluation  are  limited  to 
Burlington  and  Ocean  Counties.  This  should  not  necessarily  imply  that  other 
nearby  land  areas  would  not  be  acceptable  for  effluent  land  disposal,  but  the 
scope  of  this  work  is  presently  limited,  and  time  would  not  permit  more  extensive 
investigations. 
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III.  Two  Possible  Disposal  Sites 


Two  forested  areas  within  the  confines  of  federal  boundries  have  been 
suggested  as  possible  sites  for  effluent  land  disposal.  (See  Figure  1-1) 

A.  Area  One:  One  of  these  areas  is  in  the  southeast  portion  of  the 

Ft.  Dix  Military  Reservation  and  approximates  350  acres.  This  area  is  roughly 

triangular  in  shape  and  is  bordered  on  the  south  and  east  by  the  Reservation 
boundry  and  on  the  north  U.  S.  Highway  70.  Both  surface  and  ground  waters  in 
this  area  are  within  the  Delaware  River  Basin  drainage  area.  The  surface 

elevation  (0  to  5  percent  slopes)  ranges  from  140  to  150  feet  above  sea  level 

and  the  high  ground  water  table  aquifer  is  between  10  and  20  feet  below  the 
ground  surface.  The  soils  are  generally  sandy  and  the  area  is  densely  vegetated 
with  pine  oak  forest. 

B.  Area  Two;  The  second  area  has  similar  characteristics,  and  is  located 
on  U.  S.  Navy  property  on  the  common  boundry  between  Ft.  Dix  Military  Reservation 
and  the  Lakehurst  Naval  Air  Station  Reservation  and  includes  approximately  650 
acres.  This  area  is  also  roughly  triangular  in  shape  and  is  bordered  on  the  west 
by  the  common  boundry  of  Ft.  Dix  and  Lakehurst  Military  Reservations,  on  the  south 
by  the  southern  boundry  of  the  Naval  Military  Reservation  and  on  the  east  by  a 
forest  fire  break  on  the  Naval  Reservation  property.  The  ground  surface  elevation 
(0  to  5  percent  slopes)  ranges  from  100  to  150  feet  above  sea  level.  The  high 
ground  water  table  ranges  between  5  and  15  feet  below  the  ground  surface.  The 
vegetation  is  generally  pine-oak  forest  and  the  soils  are  sandy.  Most  all  of  this 
area  fails  outside  of  the  Delaware  River  Basin  and  is  contained  in  the  Toms  River 
Basin  which  flows  to  the  Altantic  Ocean. 

IV.  Preliminary  Evaluation  of  Potential  Disposal  Sites 

A.  Location:  The  closest  optimum  location  to  the  waste  source  should 
be  selected  to  minimize  pumping  costs,  pipe  costs,  etc. 

B.  Adjacent  Land  Use: 

1.  General:  The  possibilites  of  blowing  spray,  odors  or  other  aspects 
of  spraying  dictate  the  cirtical  evaluation  of  adjacent  land  use.  Areas  where 
housing  or  other  building  development  exists  or  is  anticipated  should  be  avoided. 
Particular  attention  should  be  paid  to  adjacent  area  ground  water  users  to  assure 
that  present  or  future  downgradient  beneficial  uses  of  ground  waters  are  protected 
and  properly  monitored  to  prevent  the  use  of  any  ground  waters  which  may  become 
contaminated.  Additional  land  areas  near  the  optimum  disposal  site,  are  desirable 
for  future  expansion. 

2.  Specific:  Some  beneficial  uses  of  adjacent  lands  of  Area  1  in¬ 
clude  public  highways,  U.  S.  Army  communications  units,  and  residential  develop- 
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merits.  Area  2  is  quite  isolated  and  adjacent  land  uses  are  limited  to  military 
field  training  operations.  The  general  direction  of  ground  water  flow  in  these 
two  areas  is  toward  surface  water  course  drainage.  No  major  potable  water  pump- 
age  is  currently  practiced  from  the  ground  water  aquifer. 

C .  Climatology  and  Meterology 

1.  General :  A  number  of  weather/climate  elements  are  considered  to  be 
critical  in  certain  phases  of  effluent  land  disposal  operations.  These  elements 
include:  precipitation,  average  air  temperature,  freezing  air  temperature,  snow 
cover,  ice  cover,  frozen  ground,  wind,  relative  humidity,  and  evaporation  and 
transpi ration. 

2.  Specific:  In  general,  the  central  portion  of  New  Jersey  has  a 
humid  climate  with  relatively  long  hot  summers  and  comparatively  mild  winters. 

Total  annual  precipitation  approximates  42  to  48  inches.  Long  term  records 
show  a  rather  uniform  3-5  inches  of  precipitation  each  month.  The  mean  monthly 
temperature  ranges  from  approximately  32  degrees  F  in  January  to  75  degrees  F 
in  July.  The  mean  annual  temperature  is  54  degrees  F.  The  average  number  of 
days  without  killing  frost  approximates  150  days.  The  vegetative  growing  seasons 
begins  in  late  March  and  terminates  in  late  November.  Table  I-l  contains  a 
climatological  data  summary  of  records  from  McGuire  AFB.  Between  April  and 
October  approximately  190  days  should  be  available  for  spray  irrigation.  Between 
November  and  March  a  minimum  of  an  additional  55  days  should  also  be  available. 

In  total,  approximately  245  days  each  year,  should  be  available  for  spray  irrigation. 

D.  Geo! ogy 

1.  General :  Effluent  disposal  sites  should  be  located  in  stable 
geological  formations  that  are  not  subject  to  collapse  or  to  immediate  induce¬ 
ment  of  applied  wastewaters  to  the  ground  waters.  A  knowledge  of  the  geological 
formations  underlying  a  proposed  disposal  sites  is  very  important  in  judging 
the  suitability  of  any  site. 

2.  Specific:  The  bedrock  geology  of  Burlington  and  Ocean  Counties 
varies  from  the  northwest  with  complex  unconsolidated  sand,  silt  and  clay  de¬ 
posits  to  the  southeast  with  few  clay  lenses.  The  surface  geology  varies  in 
the  same  direction  from  discontinuous  Kansan  (?)  glacial  deposites  in  the  north¬ 
west  containing  fine  sand  and  silt  to  discontinuous  Illinoian  glaciation  along 
the  Atlantic  coast  continuing  a  mixture  of  sand  and  gravel. 

E.  Soils 

1.  General :  A  knowledge  of  the  detailed  characteristics  and  depth 
of  soil  is  critical  in  determining  the  degree  of  applied  wastewater  renovation. 

Most  preferable  for  effluent  land  disposal  are  deep,  well  drained,  loamy  soils. 
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Table  1-1 

CLIMATOLOGICAL  DATA  SUMMARY  -  MEAN  DAILY  TEMPERATURE,  PRECIPITATION 
_ SNOWFALL,  SNOWDEPTH,  MCGUIRE  AFB,  NJ  -  1942-46,  48-64 _ 

Month 
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Extremes  such  as  sands,  silts,  clays,  and  shaly  and  stony  phases  are  generally 
unacceptable.  Coarse,  sandy  or  gravely  soils  permit  the  wastewater  to  pass 
through  too  quickly  for  adequate  renovation,  while  soils  with  high  clay  content 
tend  to  reject  infiltrating  water,  resulting  in  excessive  surface  runoff, 
elevated  ground  water  table,  and  inadequate  renovation. 

2.  Specific:  Basically  three  major  soil  types  prevail  -  Freehold- 
Col  lington,  Lakewood  and  St  Johns.  All  three  are  sandy  in  general  composition. 
The  Lakewood  soils  predominate  in  the  area  of  the  Ft  Dix  Military  Reservation, 
and  are  formed  on  the  dry  sands  of  the  seaward  portion  of  the  State.  Most  of 
these  areas  remain  in  the  pine-oak  forest,  and  there  is  little  of  these  lands 
under  cultivation.  The  permeability  of  these  soils  ranges  from  0.2  inches  per 
hour  (Freehold-Collington)  to  greater  than  6.3  inches  per  hour  (Lakewood). 

F.  Hydrology 

1.  General :  In  conjunction  with  a  proposed  site's  soil  renovative 
capacities,  its  hydrologic  capabilities  must  also  be  evaluated.  Subsurface 
formations  must  have  the  capacity  to  transmit  the  applied  water  and  renovated 
effluent  that,  has  moved  through  the  superficial  soil  mantle.  When  vertical 
movement  through  the  subsurface  soil  profile  is  restricted  by  impermeable  soil 
layers  or  seasonally  high  water  tables,  tile  drainage  or  lateral  movement  may 
permit  continued  operations.  Upon  reaching  the  prevailing  ground  water  table 
the  applied  wastewater  can  be  expected  to  move  laterally  away  from  the  site 
with  dilution  and  dispersion  being  the  only  continuing  renovative  processes. 
Vertical  mixing  and  dispersal  into  the  water  table  normally  will  be  minimal. 

2.  Specific:  Precipitation  is  the  source  of  all  ground  waters  in 
this  area.  In  Ocean  County  about  40  percent  of  the  precipitation  infiltrates 
to  the  zone  of  saturation.  In  Burlington  County  a  smaller  percentage  of  the 
precipitation  infiltrates  to  the  ground  water  table  since  most  aquifers  are 
presently  undeveloped  and  essentially  full.  The  ground  water  aquifer  ranges 
seasonally  in  elevation  from  the  ground  surface  to  depths  of  40  to  50  feet 
below  the  ground  surface.  In  the  areas  where  the  St  Johns  soils  predominate 
generally  a  high  water  table  prevails.  The  seasonal  high  water  table  for  both 
of  the  other  predominant  soil  types  is  greater  than  5  feet  below  the  ground 
surface.  Available  data  on  the  ground  water  quality  in  this  area  reveals  that, 
in  general,  these  waters  are  acceptable  as  primary  drinking  water  sources. 

Very  little  municipal  pumpage  of  the  ground  water  aquifer  occurs  in  Burlington 
County,  while  only  slightly  more  pumpage  occurs  in  Ocean  County.  Stream  flow 
in  this  area  consists  largely  of  base  flow  derived  from  ground  water  discharge. 
During  periods  of  little  or  no  precipitation,  base  flow  accounts  for  virtually 
all  stream  flow. 

G.  Topography 

1.  General :  A  proposed  site's  topography  must  be  adaptable  to  the 
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agricultural  operations,  if  any,  to  be  performed,  the  erosion  control  measures 
installed,  and  the  desired  level  of  applied  wastewater  renovation  of  the  dis¬ 
posal  system. 

2.  Specific:  Most  of  the  land  in  these  areas  is  less  than  220^feet 
above  sea  level,  sloping  south  easterly  from  a  maximum  of  approximately  200  feet 
in  the  northwest  to  the  mean  sea  level  along  the  Atlantic  coast. 

H.  Agricultural  Practice 

1.  General:  Forested  area,  grasslands,  and  cultivated  crop  areas 
are  acceptable  for  effluent  land  disposal.  Essentially  there  are  no  restraints 
on  the  choice  of  vegetative  cover  with  the  exception  that  it  should  provide 
high  evapotranspi ration,  induce  acceptable  nutrients  removal,  and  prevent  erosion 
from  surface  runoff.  When  agricultural  use  of  a  crop  is  anticipated,  the  species 
to  be  used,  the  harvesting  frequency  the  relative  crop  toxi cities  and  nutritional 
adequacies  should  be  considered.  System  down-tirne  for  crop  harvesting  and  re- 
planting  or  field  maintenance  should  also  be  considered  in  the  determination  of 
land  areas  required  for  storage  and  effluent  disposal.  Two  forest  vegetation 
regions  predominate  in  central  New  Jersey;  oak-hickory  in  the  northwest  to  pine- 
oak  in  the  north  central  to  coastal  region.  The  pine-oak  region  which  pre- 
dominates  in  these  two  counties  is  coincident  with  the  infertile,  droughty ,  sandy 

soils. 
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2.  Specific:  Approximately  30  percent  of  the  aval iaoie  _ 

Burlington  County  is  dedicated  to  agriculture.  The  principal  crops  in  Burlington 
County  are  fruits,  vegetables,  cranberries  and  blueberries.  Dairy  farms  con¬ 
stitute  the  bulk  of  livestock  farming  in  Burlington  County.  Most  of  the  area  in 
the  vicinity  of  the  Ft  Dix  military  reservation  is  timber! and.  Agriculture  in 
Ocean  County  is  a  minor  factor  (less  than  7  percent  of  the  available  and  area). 
Cranberries  and  blueberries  are  the  two  principal  crops.  Most  agriculture  in 
Ocean  County  is  related  to  the  poultry  industry.  There  are  not  significant 
agricultural  land  irrigation  systems  in  either  county. 


I.  Vegetation 

A  variety  of  forage  crops,  especially  certain  grasses  have  been 
studied  extensively  under  effluent  disposal  practices.  The  crop  production, 
toxicities,  nutrient  removal  capabilities  and  overall  responses  to  treated 
sewage  effluent  irrigation  have  been  documented.  The  use  of  woodlands  as 
an  area  for  waste  disposal  and  as  a  means  of  nutrient  removal  has  not  been 
studied  intensively.  The  Pennsylvania  studies  are  recent  and  give  clues  to 
what  may  be  expected  under  certain  conditions. 

1.  Nutrient  Removal :  Although  trees  may  be  expected  to  bring 
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nutrients  and  water  from  greater  soil  depths  than  will  other  types  of  vegetation, 
the  actual  removal  of  nutrients,  particularly  the  nitrogen  forms,  may  be  expected 
to  be  very  limited  since  frequent  harvesting  of  woodlands  is  not  practiced  and 
nutrients  are  retained  in  the  system  ultimately  building  up  in  the  recharged 
ground  waters.  Elements  recovered  from  the  deep  soil  layers  by  the  tree  roots  are 
returned  to  the  soil  surface  in  the  annual  leaf  fall.  Even  periodic  tree  harvest¬ 
ing  removes  little  of  the  nutrients  because  more  than  95  percent  of  the  nitro¬ 
gen  and  ash  constituents  are  in  the  tree  foliage  and  young  branches  that  remain 
on  the  ground.  The  most  efficient  means  of  nutrient  removal  is  through  the  re¬ 
moval  of  annual  forage  crops.  The  buildup  of  nutrients  in  the  ground  waters  may 
be  anticipated  from  predominantly  sandy  forest  lands  effluent  irrigation  disposal 
operations,  unless  the  system  is  designed  to  reduce  the  nitrates  through  de¬ 
nitrification.  Conditions  favoring  denitrification  can  be  established  by  alter¬ 
ing  the  sequence  of  irrigation  applications  to  create  short  periods  of  soil 
saturation  thereby  promoting  the  anaerobic  evolution  of  nitrogen  gas.  The 
tolerance  of  the  tree  species  for  these  short  periods  of  inundation  would  have 
to  be  fully  evaluated.  Because  phosphorous  is  readily  fixed  by  most  soil  types 
and  held  in  an  unavailable  form,  no  problem  with  phosphorous  accumulation  should 
be  anticipated. 

2.  Evapotranspi rati  on :  Little  is  known  about  the  evapotranspi ration 
of  trees  under  continuous  optimum  moisture  supply.  The  annual  water  losses  for 
pine-oak  forests  in  the  eastern  part  of  the  United  States  have  been  estimated  at 
between  25  and  35  inches.  Under  more  optimum  moisture  conditions  this  evapotrans- 
piration  rate  may  be  substantially  higher.  In  the  Pennsylvania  studies,  water 
losses  within  the  biologically  active  zone  were  estimated  at  1  inch  per  week 
during  the  growing  season.  Any  water  naturally  or  artificially  applied  to  the 
land  surface  in  excess  of  those  water  requirements  would  be  potentially  avail¬ 
able  for  ground  water  recharge.  During  the  nongrowing  season  the  potential  for 
recharge  is  greatest  because  both  evaporation  and  transpiration  are  reduced. 

The  Pennsylvania  studies  concluded  that  at  an  annual  application  rate  of  100  inches 
the  ground  water  recharge  amounted  to  90  percent  of  the  applied  effluent. 

3.  Toxicity  to  Trees;  Some  work  has  been  done  on  toxicity  in  seedling 
trees  but  little  is  known  about  element  buildup  in  mature  stands  of  trees.  Many 
variables  come  into  play,  including  tree  content,  microorganisms  and  the  inter¬ 
action  of  the  elements  themselves.  Hydrogen  sulfide  which  is  known  to  be  toxic 
to  trees,  may  result  from  the  anaerobic  reduction  of  sulfates  normally  found  in 
treated  sewage  effluents..  Other  possible  toxicants  would  include  chlorine,  selenium, 
boron,  arsenic,  copper,  and  sodium.  At  the  Seabrook  Farms  operation  in  southern 

New  Jersey,  a  mixed  oak  forest  was  essentially  converted  to  a  marsh  grass  environ¬ 
ment  because  of  water  saturation  at  the  root  zone. 

V.  Estimated  Land  Area  Requirements 

A.  The  total  land  area  required  is  based  on  the  time  available  in  any  given 
year  for  land  application.  Wastes  generated  during  non-application  periods 
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(during  periods  of  excessive  precipitation,  freezing  conditions,  high  water 
table,  etc.)  must  be  stored.  The  total  volume  of  wastewater  from  Ft  Dix  arid 
MAFB  was  estimated  to  be  1,642  million  gallons  per  year  (5,037  Acre-feet  per 
year).  Figure  1-2  is  a  graph  of  land  area  requirements  for  varying  periods 
of  available  time  for  land  application.  (See  Table  1-2).  These  data  were 
derived  on  the  basis  of  certain  assumptions. 

1.  Waste  Volumes:  Ft  Dix  -  3.0  MGD 

MAFB  -  1.5  MGD 

2.  Spray  Irrigation  Application  Rate:  2-inches/week  @0.25  inches 
per  hour  for  8  hours  per  week. 

3.  Evaporation  from  storage  ponds  equals  precipitation. 

4.  Storage  pond  depth:  10  feet. 

B.  Review  of  long-term  climatological  data  reveals  that  between  27  to 
35  weeks  per  year  are  readily  available  for  spray  irrigation.  The  total  land 
area  required  based  on  the  above  analyses  would  range  from  1,368  acres  (27 
weeks)  to  1,030  acres  (35  weeks).  Experience  gained  by  the  Pennsylvania  pro¬ 
ject  involving  land  disposal  in  forested  areas  indicates  that  year-round  (52 
weeks/year)  application  may  be  possible  in  the  area  of  Ft  Dix  and  MAFB.  For 
design  purposes,  however,  more  conservative  estimates  of  available  application 
periods  are  probably  'warranted. 

C.  The  two  proposed  land  disposal  sites  combined  would  provide  approxi¬ 
mately  1,000  acres.  Provided  at  least  70  inches  of  treated  waste  could  be 
applied  each  year,  (35  weeks  at  2-inches/week)  the  two  proposed  areas  combined 
would  provide  sufficient  land  area. 

VI .  Applicable  Standards  and  Criteria 

Official  standards  for  land  disposal  have  not  been  adopted  by  the  State 
of  New  Jersey,  Department  of  Environmental  Protection  (NJDEP)  or  the  Delaware 
River  Basin  Commission  (DRBC).  However,  the  DRBC  has  adopted  (Dec  1972)  ground 
water  quality  standards  (See  DRBC  Resolution  No.  72-14,  Atch  1-1)  and  the  NJDEP 
has  unofficial  guidelines  used  iri  the  evaluation  of  proposed  spray  irrigation 
projects  (See  NJDEP  "Elements  of  Submission  for  Approval  of  Spray  Irrigation 
Facilities,"  Atch  1-2). 

VII.  Conclusions 


1.  Available  climatological  data  indicates  that  27  to  35  weeks  per  year 
are  available  for  land  disposal  operations  in  the  general  area  of  the  Ft  Dix 
^  Military  Reservation. 


1-10 


Total  Area  Required  (Acres) 
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2.  Two  proposed  parcels  of  federally  owned  lands  combined  would 
provide  the  minimum  estimated  area  required  to  dispose  of  the  secondary  sewage 
effluents  from  Ft  Dix  and  MAFB.  These  land  parcels  are  relatively  close  to 
the  main  cantonement  areas  and  since  they  are  federally  owned  and  accessible, 
right-of-way  and  easement  costs  for  pumping  and  transport  facilities  would  be 
minimal . 


3.  In  general,  the  climate,  geology,  and  topography  in  these  areas 
are  acceptable  for  land  disposal  operations.  However,  detailed  on-site  in¬ 
vestigations  of  these  or  other  proposed  areas  would  be  required  to  determine 
assimilative  capacities  of  the  soil /vegetation  complex,  the  critical  hydrological 
constraints,  and  the  controlling  system  design  considerations. 


Attachment  1-1 

Delaware  River  Basin  Commission  Resolution  No.  72-14, 

12  December  1972 


1-14 


NO.  72-14 


1 

'! 

j  A  RESOLUTION  to  amend  the  water  quality  standards  In  relation  to  protection 

of  ground  water. 

WHEREAS,  protection  of  ground  water  quality  in  the  Delaware 
Basin  Is  a  necessary  feature  of  water  resources  management,  and  will 
contribute  to  environmental  improvement  generally;  and 

WHEREAS,  the  Commission  wishes  to  augment  its  water  quality 
standards  by  the  addition  thereto  of  new  provisions  relating  to  ground 
water,  and  a  public  hearing  on  proposed  text  of  such  provisions  was  held 
by  the  Commission  on  November  8,  1972;  now  therefore 

BE  IT  RESOLVED  by  the  Delaware  River  Basin  Commission: 

•  1.  The  Commission's  Administrative  Manual,  Part  III,  Basin 

Regulations-Water  Quality,  is  amended  by  the  addition  thereto  of  a  new 
Article  2-4  to  read  as  follows: 


Article  2-4 

Ground  Water--Basinwlde 

1  Section  2-4.1  Application.  This  Article  shall  apply  to  the 

ground  water  of  the  Delaware  River  Basin. 

i 

Section  2-4.2  Description.  Ground  water  shall  include  all 
water  beneath  the  surface  of  the  ground. 

Section  2-4.3  Water  Uses.  The  quality  of  ground  water  shall  be 
maintained  in  a  safe  and  satisfactory  condition  for  use  as  domestic, 
agricultural,  industrial,  and  public  v/ater  supplies,  and  as  a  source  of 
surface  water  suitable  for  recreation,  wildlife,  fish  and  other  aquatic 
life,  except  where  such  uses  are  precluded  by  natural  quality.  Other  uses 
may  be  designated  by  the  Commission. 

Section  2-4.4'  Ground  Vfater  Quality  Objectives. 

(1)  Nondeqradation  of  Ground  Waters.  It  is  the  policy  of  the 

,  Commission  to  prevent  degradation  of  ground  v/ater  quality.  In  implementing 

this  policy,  the  Commission  will  require  the  best  water  management  determined 
to  be  practicable.  No  quality  change  will  be  considered  which,  in  the 
.  judgment  of  the  Commission,  may  be  injurious  to  any  designated  present  or 

future  ground  or  surface  water  use. 

J 

(2)  Limits.  The  ground  waters  of  the  basin  shall  not  contain 
substances  or  properties  attributable  to  the  activities  of  man  in  concen¬ 
trations  or  amounts  sufficient  to  endanger  or  preclude  the  water  uses  to 
be  protected.  Within  this  requirement,  the  ground  v/aters  shall  be  free 
from  substances  or  properties  in  concentrations  or  combinations  which  are 
toxic  or  harmful  to  human,  animal,  plant,  or  aquatic  life,  or  that  produce 
color,  taste,  or  odor  of  the  waters.  Concentrations  at  any  point  shall  not 

'•.be  degraded  by  the  activities  of  man  to  exceed  values  specified  by  current 
U.  S.  Public  Health  Service  Drinking  Water  Standards. 
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Section  2-4.5  Ground  Water  Quality  Control. 


(1)  Controls.  The  processing,  handling,  transportation,  disposal, 
storage,  excavation  or  removal  of  any  solid,  liquid,  or  gaseous  material 
on  or  beneath  the  ground  surface  of  the  basin  shall  be  conducted  in  such 
manner  and  with  such  facilities,  in  accordance  with  such  regulations  and 
requirements  as  the  Commission  may  prescribe,  as  to  prevent  any  of  the 
criteria  or  requirements  of  this  Article  from  being  violated. 


(2)  Limitations. 


2. 


a.  No  substances  or  properties  which  are  in  harmful  or  toxic 
concentrations  or  that  produce  color,  taste,  or  odor  of 
the  water  shall  be  permitted  or  induced  by  the  activities 
of  man  to  become  ground  water. 


b.  Heat  discharges  which  may  adversely  affect  ground 
water  shall  be  regulated  by  the  Commission. 

« • 

VI  * 

c.  Notwithstanding  any  other  criteria  or  requirements  of 
this  Article,  the  Commission  may  establish  requirements, 
conditions,  or  prohibitions  which,  in  its  judgment,  are 
necessary  to  protect  ground  water  quality. 


d.  Certain  activities  otherwise  prohibited  by  paragraph  (1) 
of  this  section,  such  as  approved  solid  or  liquid  waste 
disposal  systems  or  fertilizer  applications  for  fanning 
practices,  may  be  permitted  subject  to  such  requirements 
as  may  be  prescribed. 


This  resolution  shall  take  effect  immediately. 


ADOPTED:  December  12,  1972 


(H  -  „„ 

W.  Brvnton  Whitall ,  Secretary 
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Attachment  1-2 


New  Jersey  Department  of  Environmental  Protection  -  Elements 
of  Submission  for  Approval  of  Spray  Irrigation  Facilities, 
Undated. 


.  ■  \>  / 

'  ■  / 

* 

\ 

NEW  JERSEY  DEPARTMENT  OF  ENVIRONMENTAL  PROTECTION 
BUREAU  OF  WATER  POLLUTION  CONTROL 

ELEMENTS  OF  SUBMISSION  FOR  APPROVAL  OF  SPRAY  IRRIGATION  FACILITIES 


« 


A.  WASTE 

1.  Analyses  of  wastewater  for  color,  odor,  pH  alkalinity  or 
acidity,  nitrite  N,  nitrate  K,  ammonia  N,  total  N,  chloride, 
suspended  and  total  solids  and  ash,  PO4 ,  detergents,  phenols, 
COD,  ether  solubles,  heavy  metals’  (specific),  total  and  fecal 
coliform  and  5~day  BOD  should  be  submitted  wherever  applicable 
or  possible. 

2.  Information  should  be  provided  on  waste  generation  including 
a  detailed  summary  of  the  processes  or  treatment  methods 
involved,  changes  in  character  of  the  waste,  rate  of  genera¬ 
tion  and  fluctuations  thereof  on  seasonal,  daily  and  hourly 
bases,  and  the  ability  of  the  waste  generation  rate  to  be 
controlled  without;  substantially  disrupting  plant  operations. 

a.  Any  anticipated  changes  in  the  character  or  generation  of 

waste  should  be  outlined  in  detail  including,  where  relevant, 
population  data,  changes  in  treatment  facilities,  and/or 
changes  in  type  or}  scale  of  industrial  processes. 

4.  Technical  and  economic  studies  should  be  provided  demonstrat¬ 
ing  that  spray  irrigation  is  either  the  only  or  the  most 
satisfactory  means  of  waste  disposal. 

B.  SPRAYING  SITE 

•  1.  Documentation  of  the  applicant's  ownership  of  the  land  to  be 

utilized  or,  alternately,  permission  to  do  so  must  be 
submitted.  Information  on  zoning  and  value  of  the  land, 
developement  of  land  in  the  area,  and  the  applicant's  possible 
future  need  of  land  for  expansion  should  be  included  in  order 
to  establish  the  continued  availability  of  the  spraying  site. 

I 

2.  Documentation  must,  also  be  provided  which  will  show  that  local 
health  authorities’  are  aware  of  and  will  permit  the  proposed 
spray  irrigation.  *  » 
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3.  Any  other  uses  of  the  spraying  site  should  be  specified. 

These  include  farming,  grazing,  recreation  and  disposal  of 
solids.  If  crops  are  grown,  a  description  of  farming 
procedures  should  be  provided  giving  the  types  of  crops 
grown,  the  types,  frequencies  and  amounts  of  pesticide 
and  fertilizer  applications,  and  information  on  harvesting 
or  picking  of  crops  stating  periods  involved  and  whether 
spray  irrigation  must  be  curtailed.  The  applicant  should 
also  specify  any  restrictions  on  the  use  of  the  land  and  the 
present  and  anticipated  uses  of  adjacent  lands. 

4.  A  map  should  be  submitted  showing  the  spraying  site,  the 
spraying  region  or  fixtures,  the  buffer  zone  and  any 
nearby  residences  or  businesses^  A  500  foot  clearance  in 
all  directions  is  required,  but  if  weather  data  indicates 
that  there  is  a  prevalent  wind  direction,  it  is  desirable 
to  provide  additional  clearance  in  the  downwind  direction. 

It  may  also  be  permissible  to  relocate  the  spraying  area 
upwind  in  order  to  do  so.  An  evaluation  of  possible  odor 
problems  should  be  included. 

5.  Security  provisions  at  the  spraying  site  should  be  out- 

n  ■*  <— J  I 

XXiiV^U  •  I 

I 

C.  ASSIMILATIVE  CAPABILITY  OF  SOIL 

1.  The  soil  strata  should  be  evaluated  in  relation  to  the  spray 
irrigation  fields.  This  should  include  an  interpretation  of 
Soil  Conservation  Service  da'ta  plus  the  results  of  site 
borings.  Data  submitted  should  also  include  the  permeability 
of  the  soil  before  spraying  (and  after  if  this  can  be 
determined)  and  the  presence  of  any  clay  layers. 

2.  The  applicant  should  also  provide  an  evaluation  of  the  bedrock 
geology  in  relation  to  the  spray  irrigation  fields. 

3.  Data  should  be  submitted  describing  the  prevailing  hydrologic 
conditions  in  the  area  of  the  spray  irrigation  fields. 

U.S.G.S.  readings  should  be  included  along  with  the  results 
of  sampling  at  least  one  on-site  well.  All  uses  of  ground- 
water  in  the  area  should  be  specified. 

\ 

4.  Analyses  should  be  performed  on  groundwater  obtained  from 
potable  water  wells  located  in  the  down  gradient  of  the 
spray  irrigation,  fields . 
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5.  An  evaluation  should  be  made  of  the  possible  effects  of  the 

.  effluent  on  the  soil  strata  and  groundwater  of  the  spray 

irrigation  fields .  This  should  include  the  effects  of  soil 
microbial  activity  upon  the  effluent  and  the  degree  of 
filtration  of  solids  during  percolation.  An  oxygen  balance 
should  also  be  performed  for  the  system  using  effluent  COD 
data.  One  very  important  consideration  is  the  possible 
buildup  of  nitrates  in  an  underground  potable  water  supply. 

6.  Effects  of  seasonal  and  daily  weather  variations  upon  the 
operation  and  performance  of  the  spray  irrigation  fields 
should  bo  determined.  National  Weather  Service  records 

for  five  or  more  preceeding  years  should  be  included.  Periods 
of  frozen  ground  (temperatures  below  25°F)  should  be 
summarized  by  frequency,  duration, and  durations  of  thawing 
intervals.  Precipitation  data  should  also  be  included  and 
analyzed,  particularly  if  trucks  are  used  for  transporting 
or  spraying  effluent. 

D.  SYSTEM  DESIGN 

1.  The  means  of  transporting  and  distributing  waste  should  be 
explicitly  described,  preferably  with  construction  plans. 

2.  Tne  spraying  sequence  including  loading  rates,  land 
utilization  scheme,  and  basic  spraying  technique  should 
be  described. 

3.  The  system's  ability  to  function  during  inclement  weather  and 
under  other  adverse  conditions  such  as  power  failure  must 

be  demonstrated.  Data  indicating  sufficient  holding  capacity 
and  commensurate  accelerated  spraying  performance  should  be 
correlated  with  weather  data  in  order  to  do  this.  Freezing 
of  liquid  in  pipes  is  an  important  consideration  if  the 
system  is  not  to  be  used  continually.  Backup  trucking  and/or 
pumping  systems  must  be  available. 

*  T^e  of  personnel  involved  in  the  operation  and  mainten¬ 

ance  of  the  system'  should  be  specified. 


i 
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E.  SYSTEM  PERFORMANCE 

i  1.  A  format  for  monitoring  should  be  provided.  This  should 
include  a  listing  of  on-site  and  off-site  wells,  surface 
waters  and  system  effluents  to  be  sampled,  the  frequency 
of  such  sampling  and  the  tests  to  be  performed.  A  map 
showing  test  wells  should  be  submitted. 


< 


Douglas  F.  Wright 
Enforcement  Unit 

Bureau  of  Water  Pollution  Control 
New  Jersey  State  Department  of 
Environmental  Protection 


E46 : lmk 
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